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(54) Abstract Title: Plastically deforming and radially expanding a tubular member 
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An apparatus 700 for radially expanding a tubular member is positioned within a wellbore 10 and 
includes a tubular support member 705 defining a passage 710 for conveying fluidic materials. An 
expansion cone 715 defining a passage 720 and having an outer conical surface 725 for radially 
expanding tubular members is coupled to an end of the tubular support member 705. An expansion cone 
launcher 735 is movably coupled to and supported by the expansion cone 715. The expansion cone 
launcher 735 includes an upper portion 735a, an intermediate portion 735b that mates with the expansion 
cone 715, and a lower portion 735c having a lower outer diameter. The expansion cone launcher 735 
further includes a recessed portion 735d having an outer diameter that is less than the lower outer 
diameter. A shoe 740 defining a valveable passage 745 is coupled to the tower portion of the expansion 
cone launcher 735. 
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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
This application claims the l^nefit of the filing dale of U.S. provisional patent 
application serial number 60/237.334. attorney docket numt)er 25791.48. filed on 
5 10/2/2000. 

This application is related to the following coi)ending applications: (1 ) U.S. 
patent application serial no. 09/454.139. attorney docket no. 25791 .03.02. filed on 
12/3/1999. (2) U.S. patent application serial no. 09/510.913. attorney docket no. 
25791 .7.02. filed on 212312m, (3) U.S. patent application serial no. 09/502.350. 
10 attorney docket no. 25791.8.02. filed on 2/10/2000. (4) U.S. patent application senal 
no 09/440.338. attorney docket no. 25791.9.02. filed on 11/15/1999. (5) U.S. patent 
applicatton serial no. 09/523.460. attorney docket no. 25791.11.02. filed on 3/10/2000. 
(6) U S. patent application serial no. 09/512.895. attorney docket no. 25791 .12.02. filed 
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application serial no. PCT/USOO/18635. attorney docket no. 25791.25.02. filed on 
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serial no. ^ ^ attorney docket no. 25791.47. filed on 9/18/2000. 
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Background of the Invention 
This Invention relates generally to wellbore casings, and In particular to vwllbore 
casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed in 

5 the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of drilling fluid into the fpnnatlon or inflow of fluid from the fbnnation Into the borehole. 
The borehole Is drilled in intervals whereby a casing which is to be installed in a lower 
borehole Interval Is lowered through a previously installed casing of an upper borehole 
Intenral. As a consequence of this procedure the casing of the lower interval is of 

10 smaller diameter than the casing of the upper interval. Thus, the casings are in a 

nested arrangement with casing diameters decreasing in downward direction. Cement 
annuli are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 

1 5 a large borehole diameter involves increased costs due to heavy casing handling 
equipment, large drill bits and Increased volumes of drilling fluid and drill cuttings. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
diameters drilled in the course of the well, and the large volume of cutUngs drilled and 

20 removed. 

The present Invention is directed to overcoming one or more of the limitations of 
the e)dsting procedures for fomning welibores. 

Summary of the Invention 
According to one aspect of the Invention, an apparatus for plastically deforming 
25 and radially expanding a tubular member is provided that includes means for plastically 
defomiing and radially expanding a first portion of the tubular member to a first outside 
diameter, and means for plastically defomning and radially expanding a second portion 
of the tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for plastically 
30 defomiing and radially expanding a tubular member is provided that includes a tubular 
support member including a first fluid passage, an expansion cone coupled to the 
tubular support member having a second fluid passage fluidldy coupled to the flrst fluid 
passage and an outer conical surface, a removable annular conical sleeve coupled to 
the outer conical surface of the expansion cone, an annular expansion cone launcher 
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coupled to the conical sleeve and a lower portion of the tubular metvber. and a shoe 
having a valveable passage coupled to an end of the expansion cone launcher. 
According to another »pecl of the present invention, a rnethod of plasticaBy 

deforming and radially expanding a tubular member is provided that Includes plastically 
5 deforming and radlally.expanding a portion of the tubular member to a first outside 
diameter, and plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

According to another aspect of the present Invention, a method of coupling a first 
tubular member to a second lubular member Is provided that includes plastically 
10 defonning and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically defbnnlrig and radially expanding another portion of the 
first tubular member.to a second outside diameter, positioning the second tubular 
member insWe the first tubular nnember in overlapping relation to the first portion of the 
first tubular member, plastically defonning and radially expanding the second tubular 
1 5 member to a third outside diameter, and plastically defonning and radially expanding 
the second tubular member to a fourtii outside diameter. The inside diameters of the 
first and second tubular members after ttie plastic defonnations and radial expansions 

are substantially equal. 

According to another aspect of the present Invention, an apparatus for coupling a 
20 first tubular member to a second tubular member is provided that Includes means for 
plastically defonning and radially expanding a first portion of the first tubular member to 
a first outside diameter, means for plastically deforming and radially expanding another 
portion of the first tubular member to a'second outside diameter, means for positioning 
the second tubular member Inside the first tubular member In overlapping relation to 
25 the first portion of the first tubular member, means for plastically defwming and radially 
expanding the second tubular member to a third .outslde diameter, and 
■fflean&fef^afft» «>»«y riAfnimlnq and radiallv expanding ttie second tubular member to a 



fourth outside diameter. The Inside diameters of ttie first and second tubular members 
after ttw plastic deformations and radial expansions are subslantiaHy equal. 
30 According to anottter aspect of ttie present invention, an apparatus for forming 

a wellbore casing wittiln a w^ellbore is provided that indudes means for supporting a 
tubular member witt^in ttie v>«llbore. means for plastically defonning and radially 
expanding a first portion of ttie tubular member to a first outside diameter, and nr»ans 
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for plastically deforming and radially expanding a second portion of the tubular member 
to a second outside diameter. 

According to another aspect of the present Invention, an apparatus for fbnnlng 
a wellbore casing within a wellbore Is provided *at Includes a tubular support member 
5 including a first fluid passage, an expansion cone coupled to the tubular support 
member having a second fluid passage fluldldy coupled to the first fluid passage and 
an outer conical surface, a removable annular conical sleeve cojfAed to the outer 
cordcal sur^ of the ^cpansion cone, an annular expansion cone launcher coupled to 
the conical sleeve and a lower portion of the tubular member, and a shoe having a 
1 0 valveable passage coupled to an end of the expansion cone launcher. 

According to another aspect of the present Invention, a method of forming a 
wellbore casing within a wellbore is provided that includes supporting a tubular member 
within a weflbore. plastically defonnlng and radially expanding a portion of the tubular 
member to a first outside diameter, and plastically defomnlng and radially expanding 
1 5 another portion of the tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of fbnning a 
mono-diameter wellbore casing within a wellbore is provided that Includes supporting a 
first tubular member within the wellhiore, plastically deforming and radially expanding a 
first portion of the first tubular member 1o a first outside diameter, plastically deforming 
20 and radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member Inside the first tubular member In 
overlapping relation to the first porfion of the first tubular member, plasticailly defonming 
and radially expanding the second tubular member to a third outside diameter, and 
plastically defomiing and radially expanding the second tubular member to a fourth 
25 outside diameter. The Inside diameters of the first and second tubular members after 
the plastic defomatlons and radial expansions are substantially equal. 

Acooidlng to another aspect of the present Invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
plastically defonning and radially expanding a first portion of the first tubular member to 
30 a first outside diameter, means for plastically defonning and radially expanding another 
portion of the first tubular member to a second outside diameter, means for positioning 
the second tubular member inside the first tubular member in overtapping relation to 
the first portion of the first tubular member, means for plastically defonning and radially 
expanding the second tubular member to a third outside diameter, and 
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means for plastically deforming and radially expanding the second tubular wewtoer to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. 
According to another aspect of the present Invention, an apparatus for 
5 plastically defonning and radially expanding a tubular member is provided that includes 
means lor providing a lipped portion in a portion of the tubular member, and means for 
plastically deforming and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, an apparatus for 
piasticaliy deforming and radially expanding a tubular member Is provided that includes 
10 a tubular support member including a first fluid passage, an expansion cone coupled to 
the tubular support member having a second fluid passage fluidicly coupled to the first 
fluid passage and an outer conical surface, an annular expansion cone launcher 
Including: a first annular portion coupled to a lower portion of the tubular member, a 
second annular portion coupled to the first annular portion that nrates with the outer 
15 conical surface of the expansion cone, a third annular portion coupled to the second 
annular portion having a first outside dianrieter. and a fourth annular portion coupled to 
the third annular portion having a second outside diameter, wherein the second Outside 
diameter is less than the firet outside diameter, and a shoe having a valveable passage 
coupled to fourth annular portion of the expansion cone launcher. 
20 According to another aspect of the present Invention, a method of plastically 

deforming and radially expanding a tubular member is provided that includes providing 
a lipped portion In a portion of the tubular member, and plastically defonfning and 
radially expanding another portion of the tubular member . 

According to another aspect of the present Invention, a nrwthod of coupling a 
25 first tubular member to a second tubular member is provided that Includes providing a 
lipped portion in a portion of the first tubular member, plastically deforming and radially 

expandinga noth o r portion of th e fi rs t tu b ul a r mftmher . positioning the second tubular 

member inside the first tubular member in overlapping relation to the lipped portion of 
the first tubular member, and plastically deforming and radially expanding the second 
30 tubular member. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling 
a firet tubular member to a second tubular member Is provided that includes means for 
providing a lipped portion in the first tubular member, means for plastically defomilng 
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and radially expanding another portion of the first tubular memlwr, means for 
positioning the second tutnjiar member inside the first tubular member hi overiapping 
relation to the lipped portion of the first tubular member, and means for plastically 
deforming and radially expanding the second tubular member. The inside diameters of 
the first and second tubular members after the plastic defbrmations and radial 
expansions are substantially equal. 

According to another aspect of the present hvention. an apparatus for forming 
a wellbore casing within a wellbore Is provided that Includes means for supporting a 
tubular member within thb weMbore, means for providing a lipped portion In the tubular 
member, and means for plastically defonrtrtg and radially expanding another portion of 
the tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for fomning 
a v>«llbore casing within a wellbore Is provided that Includes a tubular support member 
Including a first fluid passage, an expansion cone coupled to the tubular support 
member having a second fluid passage fluidicly coupled to the first fluid passage and 
an outer conical surface, an annular expansion cone launcher including: a first annular 
portion coupled to a tower portion of the tubular member, a second annular portion 
coupled to the first annular portion that mates vwth the outer conical surface of the 
expansion cone, a third annular portton coupled to the second annular portion having a 
first outside diameter, and a fourth annular portion coupled to the third annular portion 
having a second outside diameter, wherein the second outside diameter is less than 
the first outside diameter, and a shoe having a vaiveable passage coupled to fourth 
annular portton of the expansion cone launcher. 

According to anoOier aspect of the present invention, a method of forming a 
wellbore casing In a wellbore Is provided that Includes supporting a tubular member 
within the wellbore. providing a lipped portion In a portion of the tubular member, and 
plastically defonning and radially expanding (another portion of the tubular member. 

According to another aspect of the present invention, a method of fonning a 
mono-diameter wllbore casing within a vwllbore is provided that includes supporting a 
first tubular member within the wellbore. providing a tipped portion in a portion of the 
first tubular member, plastically deforming and radially expanding another portion of the 
first tubular member, positioning the second tubular member Inside the first tubular 
member in overiapping relation to the lipped portion of the first tubular member, and 
plastically defonning and radially expanding the second tubular member. The Inside 
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diameters of the first and second tubular memt)ers after the plastic deformatiorw and 
radial expansions are substantially equal. 

According to another aspect of the present Invention, an apparatus for forming 
a mono^iameter wellbore casing within a wellbore is provided that Includes means for 
5 providing a lipped portion m the first tubular member; means for plasttcally deforming 
and radially expanding another portion of the first tubular member, means for 
positioning the second tubular member Inside the first tubular member In overlapping 
relation to the lipped portion of the first tubular member, and means for plastically 
defomting and radially expanding the second tubular member. The inside diameters of 
10 the first and second tubular members alter the plastic deformations and radial 
expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
plastically defonning and radially expanding a tubular member is provided that includes 
means for plastically defonning and radially expanding a first end of the tubular 
15 member, and means for plastically defonning and radially expanding a second end of 
the tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically defonning and radially expanding a tubular member is provided that Includes 
a tubular support member including a first passage, an expansion cone coupled to the 
20 tubular support having a second passage fluididy coupled to the first passage and an 
outer conical surface, an annular expansion cone launcher movably coupled to outer 
conical surface of the expansion cone, an expandable tubular member coupled to an 
end of the annular expansion cone launcher, a shoe coupled to another end of the 
annular expansion cone launcher having a valveable fluid passage, and another 
25 annular expansion cone movably coupled to the tubular support member. The annular 
expansion cones are positioned In opposite orientations. 

y^CTontino ^"">h«r aspect of t he Present Invention, a method of plastically 

deforming and radially expanding a tubular member is provided that includes plastically 
defonning and radially expanding a first end of the tubular member, and plastically 
30 defonning and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member is provided that includes positioning 
the second tubular member inside the first tubular member in an overtapping 
relationship, plastically defonning and radially expanding the end of the second tubular 
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member that overlaps with the first tubular member, and plastically deforming and 
radially expanding the remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means for 

5 positioning the second tubular member inside the first tubular member in an 

overiapping relationship, means for plastically deforming and radially expanding the 
end of the second tubular member that overlaps with the first tubular member, and 
means for plastically deforming and radially expanding the remaining portion of the 
second tubular member. 

1 0 According to another aspect of the present invention, an apparatus for fonming 

a wellbore casing within a wellbore is provided that includes means for supporting a 
tubular member within the wellbore, means for plastically deforming and radially 
expanding a first end of the tubular nr^ember, and means for plastically defomning and 
radially expanding a second end of the tubular member. 

1 5 According to another aspect of the present invention, an apparatus for forming 

a wellbore casing within a wellbore is provided that includes a tubular support member 
including a first passage, an expansion cone coupled to the tubular support having a 
second passage ftuididy coupled to the first passage and an outer conical surface, an 
annular expansion cone launcher movably coupled to outer conical surface of the 

20 expansion cone, an expandable tubular memt>er coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end (rf the annular expansion 
cone launcher having a valveable fluid passage, and another anniriar expansion cone 
movably coupled to the tubular support member. The annular expansion cones are 
positioned in opposite orientations. 

25 According to another aspect of the present invention, a method of fonming a 

wellbore casing within a wellbore Is provided that includes plastically deforming and 
radially expanding a first end of the tubular member, and plastically defonming and 
radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of forming a 

30 wellbore casing within a wellbore is provided that includes plastically deforming and 
radially expanding a first tubular nr^ember within the wellbore, positioning a second 
tubular member inside the first tubular member in an overlapping relationship, 
plastically defonning and radially expanding the end of the second tubular member that 
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overlaps wHh the first tutnilar rnemlwr, and plastically deforming and radially expanding 
the remaining portion of the second tubular member. 

According to another aspect of the preseht invention, an apparatus for forming 
a welibore casing within a vmllbore is provided that Includes means for plastically 
5 deforming and radially expanding a first tubular member within the weHbore. means for 
positioning the second tubular member inside the first tubular member In an 
overlapping relationship, means for plastically deformlrig and radially expanding ttie 
end of ttie second tubular member that overlaps witti the first tubular member, and 
means for plastically defomting and radialy expanding the remaining portion of tiie 
10 second tubular member. 

Accorting to anottier abject of the present invention, an apparatus for bridging 
an axial gap between opposing pairs of welibore casing within a welibore is provided 
that includes means for supporting a tubular member in oyeriapping relation to the 
opposing ends of the welibore casings, means for plastically defonning and radially 
1 5 expanding the tubular member, and 

means for plastically defonning and radially expanding the tubular member and the 
opposing ends of the welibore casings. 

According to another aspect of the present invention, a mettiod of bridging an 
axial gap between opposing pairs of welibore casing within a welibore is provided that 
20 includes supporting a tubular member In overlapping ration to the opposing ends of 
ttie welibore casings, plastically defonning and radialy expanding the tubular member, 
and plastically deforming and radially expanding the tubular member and ttie opposing 
ends of ttie welibore casings. 

According to anottier aspect of ttie present invention, a mettiod of forming a 
25 structure having desired strengtti characteristics is provided Uiat includes providing a 
first tubular member, and plastically defonning and radially expanding additional tubular 

rngmh^-* thA tnterinr St i rface of ttie first tubular member until ttie desired strength 

characteristics are achieved. 

According to anottier aspect of ttie present invention, a mettiod of fomiing a 
30 welibore casing within a vrellbore having desired strength characteristics Is provided 
that includes plastically deforming and radially ejqjanding a first tubular member within 
the welibore, and plastically defonning and radially expanding additional tubular 
members onto the interior surface of ttie first tijbular member until ttie desired strengtti 
characteristics are acNeved. 
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According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member, the first tubular member having an 
original outside diameter ODo and an original wall thickness tb, is provided that Includes 
plastically deforming and radially expanding a first portion of the first tubular member to 
5 a first outside diameter, plastically defomilng and radially expanding another portion of 
the first tubular member to a second outside dianneter, positioning the second tubular 
member inside the first tubular member In overlapping relation to the first portion of the 
first tubular member, plastically deforming and radially expanding the«econd tubular 
member to a third outside dianneter, and plastically defonming and radially expanding 
10 the second tubular mwiber to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal, and the ratio of the original outside dianrmter ODo of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. . 
1 5 According to another aspect of the present invention, a method of fonming a 

mono-diameter wellbore casing is provided that includes positioning a first tubular 
member within a wellbore. the first tubular member having an original outside diameter 
ODo and an original wall thickness to. plastically defonning and radially expanding a 
first portion of the first tubular member to a first outside diameter, plastically defonming 
20 and radially expanding another portion of the first tubular member to a second outside 
diameter, posittonirig the second tubular member insMe the first tubular member in 
overiapping relafion to the first portion of tiie first tubular member, plastically deforming 
and radially expanding the second tubular member to a third outskle diameter, and 
plastically defonming and radially expanding the second tubular member to a fourth 
25 outskle diameter. The inside diameters of the first and second tubular members after 
ttie plastic defonnations and radial expansions are substantially equal, and tiie ratio of 
the original outside diameter ODo of ttie first tubular member to tiie original wall 
thickness to of ttie first tubular member Is greater than or equal to 16. 

According to another aspect of the present invention, an apparatus is provided 
30 that Includes a plastically deformed and radially expanded tubular member having a 
first portion having a first outside diameter and a remaining portion having a second 
outside diameter. The ratio of tiie original outside diameter ODo of the first tubular 
member to ttie original wall ttilckness t© of the first tubular member is greater tiian or 
equal to 16. . 
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According to another aspect of the present invention, an apparatus is provided 
that includes a plastically deformed and radially expanded first tubular member having 
a first portion having a first outside diameter and a remaining portion having a second 
outside diameter, and a plastically deformed and radially expanded second tubular 

5 member coupled to the first portion of the first tubular member The ratio of the original 
outside diameter ODo of the first tubular member to the original waB thickness to of the 
first tubular member is greater than or equal to 1 6. 

According to another aspect of the present invention, a wellbore casing formed 
in a wellbore is provided that includes a plastically deformed and radially expanded first 

1 0 tubular number having a first portion having a first outside diameter and a remaining 
portion having a second outside diameter, and a plastically defonmed and radially 
expanded second tubular member coupled to the first portion of the first tubular 
member. The ratio of the original outside diameter ODo of the first tubular member to 
the original wall thickness to of the first tubular member is greater than or equal to 16. 

1 5 According to another aspect of the present invention, an apparatus is provided 

that includes a plastically defonmed and radially expanded tubular member. The ratio 
of the original outside diameter ODo of the tubular member to the original wall thickness 
to of the tubular member is greater than or equal to 16. 

Brief Description of the Drawings 

20 Fig. 1a is a cross sectional illustration of a wellbore including a preexisting 

wellbore casing. 

Fig. lb is a crx)ss-sectlonal illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. la. 

Fig. 1c is a crx>ss-sectk>nal illustration of the injecSon of fiuidic materials through 
25 theapparatusof Rg. lb. 

Fig. Id is a cross-sectional iliustration of the injectton of hardenable fiuidic 

scaling matf^ri^*^ ♦^'^^'■gh ^ apparatus nf Fig. ic. 

Fig. 1e is a cross-sectk>nal illustration of the pressurizatton of the region below 
the expanston cone of the apparatus of Fig. Id. 
30 Fig. If is a cross-sectional illustration of the continued pressurization of the 

region below the expansion cone of the apparatus of Fig. 1e. 

Fig. 1g is a cross-sectional illustration of the continued pressurization of the 
region betow the expansion cone of the apparatus of Fig. If followintg the removal of 
the over-expansion sleeve. 



Fig. 1 h is a cross-sectional illustration of the completion of the radial expansion 
of the expandable tubular member of the apparatus of Fig. 1g. 

Fig. 1i is a cross-sectional illustration of the drilling out of a new section of the 
wellbore below the apparatus of Fig. 1h. 
5 Rg. 1 j is a cross-secUonal illustration of the radial expansion of another 

expandable tubular member that overlaps with the apparatus of Fig. 1 i. 

Fig. 1 k is a cross-sectional illustration of the secondary radial expansion of the 
other expandable tubular member of the apparatus of Fig. 1 1. 

Fig. II is a cross-sectional Illustration of the completion of the secondary radial 
10 expansion of the other expandable tubular member of Fig. Ik to form a mono-diameter 
wellbore casing. 

Fig. 2a is a ooss sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 2b is a cross-sectional illustration of the placement of an embodiment of an 
1 5 apparatus for radially expanding a tubular member into the wellbore of Fig. 2a. 

Fig. 2c is a cross-sectional illustration of the injection of fluldic nwiterials through 
the apparatus of Fig. 2b. 

Fig. 2d is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. 2c. 
20 Fig. 2e is a cross-secHonal illustration of the pressurization of the region below 

the expansion cone of the apparatus of Fig. 2d. 

Rg. 2f is a cross-sectional illustratton of the continued pressurizatfon of the 
region below the expanston cone of the apparatus of Fig. 2e. 

Fig. 2g is a cross-sedional illustration of the completion of the radial expansion 
25 of the expandable tubular member of the apparatus of Rg. 2f. 

Fig. 2h is a cross-sectional illustration of the drilling out of a new section of the 
wellbore below the apparatus of Fig. 2g. 

Fig. 21 is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overlaps with the apparatus of Fig. 2h. 
30 Rg. 2j is a cross-sectional illustratton of the secondary radial expansion of the 

other expandable tubular member of the apparatus of Fig. 2i. 

Fig. 2k is a aoss-sectional illustratton of the completion of the secondary radial 
expansion of the other expandable tubular member of Fig. 2j to form a moruMliameter 
wellt)ore casing. 
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Fig. 3 is a cross-sectional illuslration of the apparatus of Fig. 2b illustrating the 
design and construction of the over-expansion insert 

Fig. 3a Is a cross-sectional illustration of an alternative embodiment of the over- 
expansion insert of Rg. 3. 
5 Fig. 4 is a cross-sedional illustration of alternative embodiment of the 

apparatus of Fig. 2b including a resifient hook for retrieving the over-expansion Insert. 

Fig. 5a is a cross-secHonai illustration cff a vveiibore including a preexisting 
wellbore casing. 

Fig. 5b is a cross-sccHonal illustration of the fonmation of a new secdon of 
10 wdllborecasinginthewellboreof Fig. 5a. 

Fig. 5c is a fragmentary cross-sectional illustration of the placement of an 
inflatable bladder Into the new section of the wellbore casing of Fig. 5b. 

Fig. 5d is a fragmentary cross-secHonal illustration of the inflation of the 
. inflatable bladder of Fig. 5c. 
1 5 Fig. 5e is a cross-sectional Illustration of the new section of wellbore casing of 

Fig. 5d after over-expansion. 

Fig, 5f is a cross-sectional illustration of the new seclton of wellbore casing of 
Fig. 5e after drilling out a new section of the wellbore. 

Fig. 5g is a cross-sectional illustration of the fonnation of a mono-diameter 
20 wellbore casing that includes the new secUon of the wellbore casing and an additional 
section of wellbore casing. 

Fig. 6a is a cross-sectional Illustration of a wellbore including a preexisting 

wellbore casing. 

Fig. 6b Is a cross-sectional Illustration of the fomiation of a new section of 
25 wellbore casing in the wellbore of Fig. 6a. 

Fig. 6c Is a fragmentary cross-sectional illustration of ttie placement of a roller 

-uJ radial eypan?^'^ i^*9 section of the wellbore casing of Fig> 6b. 

Fig. 6d Is a cross-secttonal illustration of the new section of welltwre casing of 
Fig. 6c after over-expansion- 
30 Fig. 6e Is a cross-secHonal illustration of the new section of wellbore casing of 

Fig. 6d after drilling out a new section of the wellbore. 

Fig. 6f is a cross-sectional illustration of the formation of a mono-diameter 
wellbore casing that includes the new section of the wellbore casing and an additional 
section of wellbore casing. 
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Fig. 7a is a cross sectional iliustration of a weilbore including a preexisting 
wellbore casing. 

Fig. 7b is a cross-sectional illustration of the placement of an ennbodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. 7a. 

Fig. 7c is a cross-sectional Illustration of the injection of fluidic materials through 
the apparatus of Fig. 7b. 

Fig. 7d a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. 7c. 

Fig. 7e is a cross-sectional illustration of the pressurizatlon of the region below 
the expansion cone of the apparatus of Fig. 7d. 

Rg. 7f Is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of ttie apparatus of Fig. 7e. 

Fig. 7g is a cross-sectional illustration of the completion of the radial expansion 
of the expandable tubular member of the apparatus of Fig. 7f. 

Fig. 7h is a cross-sectional illustration of the drilling out of a new section of the 
wellbore below the apparatus of Fig. 7g. 

Fig. 7i is a cross-sectional illustration of the completion of the radial expansion 
of another expandable tubular member to form a mono-diameter wellbore casing. 

Fig. 8a is cross-sectional illustration of an wellbore including a preexisting 
section of wellbore casing having a recessed portion. 

Fig. 8b is a cross-sectional illustration of the placement of an apparatus for 
radially expanding a tubular member within the wellbore of Fig. 8a. 

Fig. 8c is a cross-sectional Illustration of the injection of fluidic materials through 
the apparatus of Fig. 8b. 

Fig. 8d is a cross-sectional illustration of the injection of a hardenable fluidic 
sealing material through the apparatus of Fig. 8c. 

Fig. 8e is cross-sectional illustration of tiie isolation of the region below the 
expansion cone and within the expansion cone launcher of the apparatus of Fig. 8d. 

Fig. 8f is a cross-sectional illustration of the plastic deformation and radial 
expansion of the upper portion of the expandable tubular member of the apparatus of 
Fig. 8e. 

Rg. 8g is a cross-sectional illustration of the removal of the upper expansion 
cone from the wellbore of fig. 8f. 
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Fig. 8h is a cross-secHonal illustration of the continued pressurizatton of the 
region below the expansion cone of the apparatus of Fig. 8g to thereby plastically 
deform and radially expand the expansion cone launcher and expandable tubular 
member. 

5 Rg. 81 is a cross-sedional illustration of the completion of the initial radial 

expansion process of the apparatus of Fig. 8h. 

Fig. 8j is a cross-sectional illustration of the further radial expansion of the 
apparatus of Fig. 81 In order to fonm a mono^liameter wellbore casing. 

Fig. 9a is a cross-sectional illustration of a wellbore including upper and lower 
10 preexisfing wellbore casings that are separated by ah axial gap. 

Fig. 9b is a cross-sectional Illustration of the coupling of a tubular member to 
the opposing ends of the wellbore casings of Fig. 9a. 

Fig. 9c is a fragmentary cross-sectional illustration of the placement of a radial 
expansion device into the tubular member of Fig. 9b. 
15 Fig. 9d is a fragmentary cross-sedional illustration of the actuation of the radial 

expansion device of Fig. 9c, 

Fig. 9e is a cross-sectional of a mono-diameter wellbore casing generated by 
the actuation of the radial expansion device of Fig. 9d. 

Fig. 10 is a cross-sectional Illustration of a nrnxKHllameter wellbore casing that 
20 includes a plurality of layers of radially expanded tubular members along at least a 
portion of the its length. 

Fig. 1 1a is a cross-sectional illustnation of a wellbore including a casing fonned 
by plastically defonning and radially expanding a first tubular member. 

Fig. 1 lb Is d cross-sectional illustration of a wellbore Including another casing 
25 coupled to the preexisting casing by plastlcaUy deforming and radially expanding a 
second tubular member. 

Fig 1 1 g i? a rn^ft-ftArMnnal illustration of a nrono-diameter wellbore casing 

fomied by radially expanding the second tubular member a second time. 

Detailed Description 

30 Several embodiments of methods and apparatus for fonming a mono-diameter 

wellbore casing are disclosed. In several alternative embodiments, the methods and 
apparatus may be used for fonn or repair mono-diameter wellbore casings, pipelines, 
or stnictural supports. Furthenmore, while the present illustrative embodiments are 
described with reference to the fomiation of mono-diameter wellbore casings, the 
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teachings of the present disclosure have general application to the formation or repair 
of wellbore casings, pipelines, and structural supports. 

Refening initially to Fig. 1a. a wellt}ore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 nnay be oriented in any orientation from the vertical to the 
5 horizontal. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the wellbore 10 using any number of conventional methods. In a prefened 
embodiment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatus disclosed in ot\e or more of the 
following: (1) U.S. patent application serial no. 09/454,139, attomey docket no. 

10 25791.03.02, filed on 12/3/1999. (2) U.S. patent application serial no. 09/510.913, 
attorney docket no. 25791.7.02. filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502,350. attomey docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440,338, attomey docket no. 25791.9.02, filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523.460. attomey docket no. 25791.11.02. filed 

15 on 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attomey docket no. 
25791.12.02, filed on 2/24/2000. (7) U.S: patent application serial no. 09/511,941. 
attomey docket no. 25791.16.02, filed on 2/24/2000. (8) U.S. patent application serial 
no. 09/588.946, attomey docket no: 25791.17.02, filed on 6/7/2000, (9) U.S. patent 
application serial no. 09/559,122, attomey docket no. 25791 .23.02, filed on 4/26/2000, 

20 (10) PCT patent application serial no. PCT/USOO/1 8635, attomey docket no. 
25791.25.02, filed on 7/9/2000. (11) U.S. provisional patent application serial no. 
60/162,671, attomey docket no. 25791.27. filed on 11/1/1999, (12) U.S. provisional 
patent application serial no. 60/154,047, attomey docket no. 25791.29, filed on 
9/16/1999, (13) U.S. provisional patent applteation serial no. 60/159,082. attomey 

25 docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial 
no. 60/159,039, attomey docket no. 25791.36, filed on 10/12/1999. (15) U.S. 
provisional patent application serial no. 60/159.033, attorney docket no. 25791.37. filed 

on 10/12/1999. (16) U.S. pFovistonal patent application serial no. _, 

attomey docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent 

30 application serial no. 60/1 65.228. attomey docket no. 25791 .39, filed on 1 1 /1 2/1 999. 

(18) U.S. provisional patent application serial no. , attomey docket no. 

25791.45. filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

. attomey docket no. 25791.46, filed on 7/28/2000, arid (20) U.S. 

provisional patent application serial no. . attomey docket no. 25791 .47. 
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filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 
More generally, the preexisting wellbore casing 15 may be coupled to another 
preexisting wellbore casing and/or may include one or more concentrically positioned 
tubular members. 

5 Referring to Fig. lb, an apparatus ICQ for radially expanding a tubular nrtember 

may then be positioned within the wellbore 10. The apparatus 100 Includes a tubular 
support member 105 defining a passage 1 10 for conveying fluidic materials. An 
expansion cone 115 defining a passage 120 and having an outer conkal surface 125 
for radially expanding tubular members is coupled to an end of the tubular support 

10 member 105. An annular conical over-expansion sleeve 130 mates with and Is 
removably coupled to the outer conical surface 1 25 of the expansion cone 115. In 
several alternative embodiments, the over-expansion sleeve 130 is fabricated from 
frangible materials such as. for example, ceramic materials, in order to facilitate the 
removal of the over-expansion sleeve during operation of the apparatus 1 00. In this 

1 5 manner, the amount of radial expansion provided by the apparatus may be decreased 
following the removal of the over-expansion sleeve 130. 

An expansion cone launcher 135 is movably coupled to and supported by the 
expansion cone 1 15 and the over-expansion sleeve 130. The expansion cone 
launcher 135 include an upper portion having an upper outer diameter, an intermediate 

20 portion that mates with the expansion cone 1 1 5 and the over-expansion sleeve 1 30. an 
a lower portion having a lower outer diameter. The lower outer diameter is greater than 
the upper outer diameter. A shoe 140 defining a valveable passage 145 is coupled to 
the lower portion of the expansion cone launcher 135. In a preferred embodiment, the 
valveable passage 145 may be oontrollably closed in order to fluldldy isolate a region 

25 150 below the expansion cone 1 15 and bounded by the lower portion of the expansion 
conelaundier 135and the shoe 140 from the region outside of the apparatus 100. 

An expandable tubular member 155 is coupled to the upper portion of the 

expansion cone launcher 135. One or more sealing members iSOa and 160b are 
coupled to the exterior of the upper portion of the expandable tubular member 1 55. In 

30 several alternative embodiments, the sealing members 160a and 160b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
altemative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 160a and 160b. 
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In a preferred embodiment, the support mertit)er 105. the expansion cone 1 15, 
the expansion cone launcher 135, the shoe 140, and the expandable tubular member 
1^ are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09M54.139, attorney docket no. 25791.03.02. filed on 
12/3/1999. (2) U.S. patent appHoition serial no. 09/510.913. attorney docket no. 
25791.7.02. filed on 2/23/2000. (3) U.S. patent applicatkxi serial no. 09/502.350. 
attorney docket no. 25791 .8.02. filed on 2/10/2000. (4) U.S: patent applteatkm serial 
no. 09/440.338. attorney docket no. 25791 .9.02, filed on 11/15/19a9. (5) U.S. patent 
application serial no. 09/523.460. attomey docket no. 25791.1 1.02. filed on 3/10/2000, 
(6) U.S. patent appBcation serial no. 09/512.895. attomey docket no. 25791.12.02, filed 
on 2^4^000. <7) U.S. patent application serial no. 09/51 1 .941 , attomey docket no. 
25791.16.02. filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946. 
attomey docket no. 25791.17.02. filed on 6/7/2000. (9) U.S. patent application serial 
no. 09/559.122. attomey docket no. 25791 .23.02, filed on 4/26/2000, (10) PCT patent 
application serial no. PCT/USOO/1 8635. attomey docket no. 25791.25.02, filed on 
7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671 , attomey docket 
no. 25791.27, filed on 11/1/1999, (12) U.S. provisional patent application serial no. 
60/154.047. attomey docket no. 25791.29. filed on 9/16/1999, (13) U.S. provfekxial 
patent application serial no. 60/1 59,082, attomey docket no. 25791 .34, filed on 
10/12/1999, (14) U.S. provlstonal patent appHcation serial no. 60/159.039, attorney 
docket no. 25791.36, filed on 10/12/1999. (15) U.S. provisional patent applicatton serial 
no. 60/159,033. attomey docket no. 25791 .37, filed on 10/12/1999. (16) U.S. 

provisional patent applicatton serial no. , attomey docket no. 

25791 .38. filed on 6/19/2000. (17) U.S. provlstonal patent application serial no. 
60/165.228. attomey docket no. 25791.39. filed on 11/12/1999. (18) U.S. provisional 

patent application serial no. , attomey docket no. 25791,45. filed on 

7/28/2000. (19) U.S. ppovistonal patent applicatton serial no. . attorney 

docket no. 25791 .46. filed on 7/28/2000. and (20) U.S. provisional patent applicatton 

serial no. attomey docket no. 25791.47, filed on 9/18/2000, the 

<fisdosures of which are incorporated herein by reference. 

As illustrated in Fig. lb, in a preferred embodiment, during placement of the 
apparatus 100 within the wellbore 10, fluidic materials 165 within the wellbore 10 are 
conveyed through the apparatus 100 through the passages 110. 120 and 145 to a 
location above the apparatus 100. In this manner, surge pressures during placement 
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of the apparatus 1 00 within the wellbore 1 0 are reduced. In a prefenned embodiment, 
the apparatus 100 is initially positioned within the wellbore 10 such that the top portion 
of the tubular member 1 55 overlaps with the preexisting casing 1 5. In this manner, the 
upper portion of the expandable tubular nriember 155 may be radially expanded Into 
5 contact with and coupled to the preexisting casing 15.. As will be recognized by 
persons having ordinary skin in the art, the precise initial position of the expandable 
tubular member 1 55 v»in vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
expandable tubular member. 
10 As IHustiated in Fig. Ic, a fluWIc material 170 may then be Injected through the 

apparatus 100 through the passages 1 10, 120. and 145 In order to test the proper 
operation of these passages. 

As illustrated In Fig. Id, a hardenable fluldk: sealing material 175 may then be 
injected through the apparatus 100 through the passages 1 10. 120 and 145 into the 
15 annulus between the apparatus and the vtrellbore 10. In this manner, an annular barrier 
to fiukJ migration Into and out of the wellbore 10 may be fonned around the radially 
expanded expansion cone launcher 135 and expandable tubular member 155. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 
several alternative embodiments, the injection of the hardenable fluidic sealing material 
20 175 may be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material 175 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 1e. a non-hardenable fluidic oiaterial 180 may then be 
injected into the apparatus ttwough the passages 1 10 and 120. A ball plug 185, or 
other similar device, may then be Injected with the fluWic material 180 to thereby seal 
25 off the passage 145. In this manner, the region 150 rnay be pressurized by the 
continued Injecttonof the fluMk: material 180 into the apparatus 100. 

: As Illustrated in Fig. If, the continueri Injedton of the fluidic material 180 into the 

apparatus 100 causes the expansion cone launcher 135 and expandable tubular 
member 155 to be plastically deformed and radially expanded off of the over-expansion 
30 sleeve 1 30. In this manner, the expansion cone 1 1 5 and over-expansion sleeve 1 30 
are dfeplaced relative to the expanskm cone launcher 135 and expandable tubular 
member 155 in the axial direction. 

After a predetennined time period and/or after a predetermined axial 
displacement of the expansion cone 115 relative to the expansion cone launcher 135 
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and expanddble tubular member 155, the over-expansion sleeve 130 may be removed 
from the outer conical surface 125 of the expansion cone 1 1 5 by the appficatton of a 
predetenmined upward shock load to the support member 105. In a preferred 
embodiment, the shock load causes the frangible over-expansk>n sleeve 1 30 to 

5 fractiTO into small pieces that are then forced off of the outer conical surface 125 of 
the expansion cone 1 15 by the continued pressurization of the region 150. In a 
prefenfBd embodiment the pieces of the over-expansion sleeve 130 are (aitverized into 
grains of material by the continued pressurization of the region 150. 

Refening to Fig. 1g. following the removal of the frangible over*expansion 

10 sleeve 1 30, the continued pressurization of the region 1 50 causes the expandable 
tubular rmmber 155 to be plastically defonned and radially expanded and extruded off 
of the outer conical surface 1 25 of the expansion cone 115. Note that the amount of 
radial expansion provided by the outer conical surface 1 25 of expansion cone 1 15 is 
less than the amount of radial expansion provided by the combination of the over- 

1 5 expansion sleeve 1 30 and the expansion cone 115. In this manner, as illustrated in 
Fig. 1h, a recess 185 is formed in the radially expanded tubular member 155. 

After completing the plastic defonnation and radial expansion of the tubular 
member 155, the hardenable fluidic sealing material is allowed to cure to thereby fomri 
an annular body 190 that provides a bamer to fluid flow into or out of the wellbore 10. 

20 Refemng to Pig. 1 i, the shoe 140 may then removed by drilling out the shoe 

using a conventtonal drilling device. A new sectton of the wellbore 10 may also be 
drilled out in order to penmit additional expandable tubular members to be coupled to 
the bottom portton of the (rfasOcally defonned and radially expanded tubular member 
155. 

25 Refemng to Fig. 1 j. a tubular member 200 may then be plastteally defonned 

and radially expanded using any number of conventk>nal methods of radially expanding 
a tubular member. In a prefenred embodiment, the upper portton of the radially 
expanded tubular member 200 overiaps with and mates with the recessed portion 185 
of the tubular meniber 155. In a preferred embodiment, one or more sealing members 

30 205 are coupled to the exterior surface of the upper portton of the tubular member 200. 
In a preferred embodiment, the sealing members 205 seal the interface between the 
upper portion of the tubular member 200 and the recessed portion 185 of the tubular 
memt)er 155. In several alternative embodiments, the sealing members 205 may 
include elastomeric elements and/or metallic elements and/or composite elements. In 
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several attemative embodiments, one or more anchoring elements niay substituted for. 
or used in addition to. the sealing members 205. In a preferred embodiment, an 
annular body 21 0 of a hardenable fluidic sealing nnateria! is also fonned around the 
tubular member 200 using one or more conventional methods. 
5 In a preferred embodiment, the tubular member 200 is plastically deformed and 

radially expanded, and the annular body 210 is formed using one or more of the 
apparatus and methods disclosed in the following: (1) U.S. patent applicaflon serial no. 
09/454,139, attorney docket no. 25791 .03.02, filed on 12/3/1999. (2) U.S. patent 
application serial no. 09^10,913, attorney dodcet no. 25791 .7.02, filed on 2/23/2000, 

10 (3) U.S. patent application serial no. 09/502.350, attorney docket no. 25791.8.02, filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440.338. atlomey docket no. 
25791.9.02. filed on 11/15/1999. (5) U.S. patent application serial no. 09/523.460, 
attorney docket no. 25791.11.02, filed on 3/10/2000. (6) U.S. patent application serial 
no. 09/512.895. attomey docket no. 25791.12.02. filed on 2/24i^000. (7) U.S. patent 

15 . applicatfon serial no. 09/511,941, attomey docket no. 25791.16.02, filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588,946. attomey docket no. 25791.17.02. filed 
on 6/7/2000. (9) U.S. patent application serial no. 09/559.122. attomey docket no. 
25791 .23.02. filed on 4/26/2000. (10) PCT patent application serial no. 
PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 

20 provisional patent application serial no. 60/1 62,671 , attomey docket no. 25791 .27, filed 
on 11/1/1999, (12) U.S. provisional patent appHcation serial no. 60/154,047, attomey 
docket no. 25791 .29. filed on 9/16/1999, (13) U.S. provistonal patent application serial 
no. 60/159.082. attomey docket no. 25791.34. filed on 10/12/1999. (14) U.S. 
provistonal patent application serial no. 60/159,039. attomey docket no. 25791.36. filed 

25 on 10/12/1999, (15) U.S. provistonal patent applicatton serial no. 60/159,033, attomey 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. provistonal patent application serial 

no. . attnmpy rinHrat nn OTTOl fiiari nn fi/1ff/2000. /17) U S. 

provistonal patent application serial no. 60/165,228, attomey docket no. 25791.39, filed 
on 11/12/1999, (18) U.S. provisional patent application serial no. . , 

30 attomey docket no. 25791 .45. filed on 7/28/2000, (19) U.S. provisional patertt 

applicatfon serial no. . attomey docket no. 25791.46, filed on 7/28/2000. 

and (20) U.S. provisional patent application serial no. , attomey docket 

no. 25791 .47. filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. 
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In an alternative embodiment, the annular body 210 may be omitted. In several 
alternative embodiments, the annular body 210 may be radially compressed before, 
during and/or after curing. 

Referring to Fig. Ik, an expansion cone 215 may then be driven in a downward 

5 direction by fluid pressure and/or by a support member 220 to plastically defomi and 
radially expand the tubular member 200 such that the interior diameter of the tubular 
members 155 and 200 are substantially equal. In this manner, as illustrated in Fig. II, 
a mono-dianr>eter weiibore casing may be formed. 

Referring to Rgs. 2a and 2b, in an altemative embodiment, an apparatus 300 

1 0 for radially expanding a tubular member may then be positioned within the weiibore 1 0. 
The apparatus 300 includes a tubular support member 305 defining a passage 310 for 
conveying fluidic materials. An expansion cone 315 defining a passage 320 and 
having an outer conical surface 325 for radially expanding tubular members is coupled 
to an end of the tubular support member 305. An annular conical over-expansion 

1 5 insert 330 mates with and is removably coupled to the outer conical surface 325 of the 
expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and supported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone launcher 
335 includes an upper portion having an upper outer diameter, an intemnediate portion 

20 that mates with the expansion cone 315 and the over-expansion insert 330, an a lower 
portion having a lower outer diameter. The lower outer diameter is greater than ttie 
upper outer diameter. A shoe 340 defining a valveabie passage 345 is coupled to the 
lower portion of the expansion cone launcher 335. In a preferred emtxxliment the 
valveabie passage 345 may be controllabiy ctosed in order to fluldicly isolate a region 

25 350 below the expansion cone 315 and bounded by the lower portion of the expansion 
cone launcher 335 and the shoe 340 from the region outside of the apparatus 300. 

In a preferred embodiment, as illustrated in Fig. 3, the over-expansion insert 
330 includes a plurality of spaced-apart arcuate inserts 330a, 330b, 330c and 330d that 
are positioned t)etween the outer conical surface 325 of the expansion cone 315 and 

30 the inner surface of the intemnediate portion of the expansion cone launcher 335. In 
this manner, the relative axial displacement of the expansion cone 315 and the 
expansion cone launcher 335 will cause the expansion cone to over-expand the 
intermediate portion of the expansion cone launcher, in this manner, a recess niay be 
fomned in the radially expanded expansion cone launcher 335. In several alternative 
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embodiments, the inserts 330a, 330b, 330c. and 330d fall out of the recess and/or are 
removed from the recess using a conventional retrieval tool upon the completion of the 
radial expansion process. 

In an alternative embodiment, as IHustrated in Fig. 3a, the over expansion insert 
330 further Includes intermediate resifient members 331a. 331b, 331c, and 331d for 
resiliently coupling the inserts 330a, 330b, 330c and 330d. In this manner, upon the 
con^efion of the radial expansion process, tte resilient force exerted by the resilient 
members 331 causes the over-expansion insert to ooHapse m the radial diredkm and 
thereby fall out of the recess. 

An expandable tubular member 355 is coupled to the upper portion of the 
expansion cone launcher 335. One or more sealing members 360a and 360b are 
coupled to the exterior of the upper portion of the expandable tubular member 355. In 
several altwnative embodiments, the sealing members 360a and 360b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
attemative embodiments, one or more anchoring elements may substituted for, or used 
in addition to, the sealing members 360a and 360b. 

In a preferred embodiment, the support member 305, the expansion cone 315, 
the expansion cone launcher 335, the shoe 340, and the expandable tubular member 
355 are provided substantially as disclosed in one or more of the follovtnng: (1 ) U.S. 
patent application serial no. 09/454.139. attorney docket no. 25791 .03.02, filed on 
12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney dod«t no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502.350, 
attomey docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338. attomey docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent 
appKcatibn serial no. 09/523,460, attomey docket no. 25791.11.02. filed on 3/10/2000, 
(6) U.S. patent application serial no. 09/512,895. attomey docket no. 25791 .12.02. filed 

on 2/21/2000. (7) M patent apptiratiftn »Mtfiai no 00/511.941. attomey docket no. 

25791 .16.02, filed on 2/24/2000, (8) U.S. patent applicafion serial no. 09^88.946, 
attorney docket no. 25791 .17.02, filed on 6/7/2000, (9) U.S. patent application serial 
no. 09/559,122. attomey docket no. 25791.23.02, filed on 4/26/2000, (10) PCX patent 
application serial no. PCTAJSOO/18635. attomey docket no. 25791 .25.02, filed on 
7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671, attomey docket 
no. 25791.27, filed on 11/1/1999. (12) U.S. provisional patent application serial no. 
60/154.047. attomey docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional 
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patent application serial no. 60/159,082« attorney docket no. 25791 .34, filed on 
10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application serial 
no. 60/159.033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

5 provisk)nal patent applicatton serial no. _, attorney docket no. 

25791.38. filed on 6/19/2000. (17) U.S. provlstonal patent application serial no. 
60/165.228. attorney docket no. 25791.39, filed on 11/12/1999. (18) U.S. provistonal 
patent applicatton serial no. attorney docket no. 25791 .45, filed on 
7/28/2000, (19) U.S. provisional patent application serial no. , attorney 

10 docket no. 25791.46, filed on 7/28/2000. and (20) U.S. provisional patent application 

serial no. , attorney docket no. 25791.47, filed on 9/18/2000, the 

disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 2b, in a preferred embodiment, during placement of the 
apparatus 300 within the wellbore 10, fluidic materials 365 within the wellbore 10 are 

15 conveyed through the apparatus 300 through the passages 310, 320 and 345 to a 
location above the apparatus 300. In this manner, surge pressures during placement 
of the apparatus 300 within the wellbore 10 are reduced. In a preferred embodiment, 
the apparatus 300 Is initially positioned within the wellbore 10 such ttiat the top portion 
of the tubular member 355 overlaps wHh the preexisting casing 15. In this manner^ the 

20 upper portion of the expandable tubular member 355 may be radially expanded Into 
contact with and coupled to the preexisting casing 15. As will be recognized by 
persons haying ordinary skill in the art, the precise initial position of the expandable 
tubular member 355 will vary as a function of the amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 

25 expandable tubular member. 

As illustrated In Fig. 2c, a fluidic material 370 may then be injected ttirough the 
apparatus 300 ttirough ttie passages 310, 320, and 345 In order to test ttie proper 
operation of these passages. 

fiiS illustrated in Fig. 2d, a hardenable fluidic sealing material 375 may then be 

30 injected through the apparatus 300 through ttie passages 31 0. 320 and 345 into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular banier 
to fluid migration into and out of the wellbore 10 may be fonned around the radially 
expanded expansion cone launcher 335 and expandable tubular member 355. The 
hardenable fluidic sealing material nnay include, for example, a cement mixture. In 
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several alternative emtxxJIments. the injection of the hardenable fluldic sealing material 
375 inay be omitted. In several alternative embodiments, the hardenable fluidic sealing 
material 375 Is compressible, btf ore, during and/or after, the curing process. 

As illustrated in Rg. 2e. a non-hardenabte fluidic material 380 may then be 
5 injeded into the apparatus through the passages 310 and 320. A bail plug 385, or 
other similar device, may then be injected \wth the fluidic material 380 to thereby seal 
off the passage 345. In this manner, the region 350 may be pressurized by the 
continued injection of the fluidic material 380 into the apparatus 300. 

As iUustrated in Fig. 2f. the continued injection of the fluidic material 380 into the 
10 apparatus 300 causes the expansion cone launcher 335 to be plastically defonned and 
radially expanded off of the over-expansion Insert 330. In this manner, the expansion 
cone 315 is displaced relafive to the expansion cone launcher 335 and expandable 
tubular member 355 in the axial direction. 

Once the radial expansion process has progressed beyond the over-expansion 
15 insert 330, the radial expansion of the expansion cone launcher 335 and expandable 
tubular member 355 is provided solely by the outer conical surface 325 of the 
expansion cone 315. Note that the amount of radial expansion provided by the outer 
conical surface 325 of expansion cone 315 is less than the amount of radial expansion 
provided by the combination of the over-expansion insert 330 and the (expansion cone 
20 31 5. In this manner, as illustrated in Fig. 2g, a recess 390 Is fomied In the radially 
expanded tubular member 355. 

In several alternative embodiments, the over-expansion insert 330 is removed 
from ttie recess 390 by falling out and/or removal using a conventional retrieval tool. In 
an alternative embodiment, the resilient force provided by the resilient members 331a. 
25 331b. 331c, and 331d cause the insert 330 to collapse in the radial direction and 

thereby fell out of the recess 390. In an aHemative embodiment, as illustrated in Fig. 4. 

one or mor o res ilie nt hoolt s 395a a nd 395 b a r e coupled to the bottom of the expansion 

cone 31 5 for retrieving the over-expansion Insert 330 during or after the completion of 
the radial expansion process. 
30 After completing ttie plastic defomnation and radial expansion of the tubular 

member 355, the hardenable fluidic sealing material is allowed to cure to thereby fonm 
an annular body 400 that provides a banier to fluid flow into or out of the wellbore 1 0. 

Refening to Fig. 2h, the shoe 340 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
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drilled out in order to permit additional expandable tubular members to be coupled to 
the bottom portion of the plastically defonmed and radially expanded tubular member 
355. 

Referring to Fig. a tubular member 405 may then be plastically defonned 

5 and radially expanded using any number of conventional methods of radially expanding 
a tubular member. In a preferred embodiment, the upper portion of the radially 
expanded tubular member 405. overlaps with and mates with the recessed portion 390 
of the tubular member 355. In a preferred embodiment, one or more sealing members 
410 are coupled to the exterior surface of the upper portion of the tubular member 405. 

10 In a preferred embodiment the sealing members 410 seal the interface between the 
upper portion of the tubular member 405 and the recessed portion 390 of the tubular 
member 355. In several alternative embodiments, the sealing members 410 may 
include elastomeric elements and/or metallic elements and/or composite elements. In 
several alternative emtxxiiments, one or more anchoring elements may substituted for, 

15 or used in addition to, the sealing members 410. In a prefenred embodiment, an 
annular body 415 of a hardenable fluidtc sealing material is also fomied around the 
tubular member 405 using one or more conventional methods. 

In a prefenred embodiment, the tubular member 405 is plastically defonned and 
radially expanded, and the annular body 415 is fomned using one or more of the 

20 apparatus and nriethods disclosed in the following: (1) U.S. patent application serial no. 
09/454,139. attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/51 0,91 3, attorney docket no. 25791 .7.02, filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502,350, attorney docket no. 25791.8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 

25 25791 .9.02, filed on 1 1/15/1999, (5) U.S. patent application s^l no. 09/523,460, 
attorney docket no. 25791 .1 1 .02, filed on 3/10/2000, (6) U.S. patent applicatton serial 
no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/51 1 .941 , attorney docket no. 25791 .16.02, filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588.946, attorney docket no. 25791.17.02, filed 

30 on 6/7/2000, (9) U.S. patent applicatton serial no. 09/559,122, attomey docket no. 
25791 .23.02, filed on 4/26/2000, (1 0) PCT patent application serial no. 
PCT/USOO/18635, attomey docket no. 25791 .25.02, filed on 7/9/2000, (11) U.S. 
provisional patent application serial no. 60/162.671, attomey dodcet no. 25791.27. filed 
on 11/1/1999. (12) U.S. provisional patent application serial no. 60/154,047, attomey 
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docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional patent appBcatton serial 
no. 60/159,082, attorney docket no. 25791.34. filed on 10/12/1999, (14) U.S. 
prbvlskmal patent applicatfon serial no. 60/159.039, attorney docket no. 25791.36. filed 
on 10/12/1999. (15) U.S. provistonal patent appKcation serial no. 60/159.033. attorney 
docket no. 25791 .37. filed on 10/12/1999. (16) U.S. provlstonal patent appllcatton serial 

no. , attorney docket no. 25791 .38. filed on 6/19/2000, (17) U.S. 

praviskmal patent appHcatton serial no. 60/165.228, attorney docket no. 25791.39. filed 

on 1 1/12/1999, (18) U.S. provisional patent api^tion serial no , 

attorney docket no. 25791.45, filed on 7/28/2000. (19) U.S. provisional patent 
applkatton serial no. . attorney docket no. 25791.46. filed on 7/28/2000. 

and (20) U.S. provisional patent application serial no. . attorney docket 

no. 25791 .47. filed on 9/1 8/2000, the disclosures of whfch are incorporated herein by 
reference. 

In an attemative emlxxliment. the annular body 415 may be omitted. In several 
alternative embodiments, the annular body 415 may be radially compressed before, 
during and/or after curing. 

Referring to Fig. 2j, an expanston cone 420 may then be driven in a downward 
direction by fluid pressure and/or by a support member 425 to plastically deform and 
radially expand the tubular member 405 such that the interior diameter of the tubular 
members 355 and 405 are substantially equal. In this manner, as illustrated in Fig. 2k, 
a mono-diameter vwellbore casing may be fomted. 

Refening to Figs 5a-5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 may be plastteally defomned and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
convehttonal methods. An annuter body of a fluidic sealing material 51 0 may also be 
fomied around the tubular member 500 using any niindier of conventional methods. In 
Q preferred embodiment, the tubular member 500 is pbstkaliy defomted and radially 
expanded and the annular body 510 is fonned using one or more of the methods and 
apparatus disclosed in one or more of the following: (1) U.S. patent application serial 
no. 09/454,139, attorney docket no. 25791.03.02. filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913, attomey docket no. 25791.7.02. filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502,350, attomey docket no. 25791.8.02, filed 
on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attomey docket no. 
25791.9.02. filed on 1 1/15/1999. (5) U.S. patent applkatton serial no. 09/523.460. 
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attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent application serial 
no. 09/512.895. attorney docket no. 25791.12.02. filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/511,941, attorney docket no. 25791.16.02, filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588,946, attorney docket no. 25791.17.02, filed 

5 on 6/7/2000, (9) U.S. patent applkation serial no. 09/559,1 22, attorney docket no. 
25791.23.02, filed on 4/26/2000. (10) PCT patent application serial no. 
PCT/US00/1863S, attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. 
provistonal patent application serial no. 60/162,671, attorney docket no. 25791 .27, filed 
on 11/1/1999. (12) U.S. provisional patent application serial no. 60/154,047, attorney 

10 docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159.082. attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. 
provisional patent application serial no. 60/159.039, attorney docket no. 25791.36, filed 
on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney 
docket no. 25791 .37, filed on 10/12/1999, (16) U.S. provisional patent applicatton serial 

15 no. , attorney docket no. 2579138, filed on 6/19/2000. (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39. filed 

on 11/12/1999, (18) U.S. provisional patent application serial no. ^, 

attorney docket no. 25791 .45. filed on 7/28/2000. (1 9) U.S. provisional patent 
application serial no. , attorney docket no. 25791 .46, filed on 7/28/2000, 

20 and (20) U.S. provisional patent application serial no. , attorney docket 

no. 25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
reference. 

In several alternative emlx3diments, the annular body 510 may be omitted or 
may be compressible before, during, or after curing. 
25 Refening to Figs. 5c and 5d, a conventtonal inflatable bladder 51 5 may then be 

positioned within the tubular member 500 and Inflated to a suffident operating pressure 
to plastically defonn and radially expand a portton of the tubular member to thereby 
fomn a recess 520 In the tubular member. 

Refening to Figs. 5e and 5f. the inflatable bladder 51 5 may then be removed 
30 and the shoe 505 drilled out using a conventional drilling device. 

Referring to Fig. 5g, an additional tubular member 525 may then be plastically 
defonned and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a mono-diameter 
welibore casing. Before, during or after the radial expansion of the tubular member 
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525, an annular body 530 of a fluidic sealing material may be fonmed around the 
tubular member in a cx)nventional manner and/or by using one or more of the methods 
and apparatus described above. 

In several altemative embodiments, the inflatable bladder 515 may be coupled 
5 to the bottom of an expansion cone in order to pennit the over-expansion process to be 
perfonmed during the radial expansion process implemented using the expansion cone. 

Referring to Figs 6a-6b, in an altemative embodiment, a tubular member 600 
having a shoe 605 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wetlbore casing 15 using any number of 

10 conventional methods. An annular body of a fluidic sealing material 610 may also be 
formed around the tubular member 600 using any number of conventional methods. In 
a preferred embodiment, the tubular member 600 is plastically deformed and radially 
expanded and the annular body 610 is fonned using one or more of the methods and 
apparatus disclosed in one or more of the follov^ng: (1) U.S. patent application serial 

15 no. 09/454,139. attomey docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510.913, attomey docket no. 25791.7.02, filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502,350, attomey docket no. 25791 .8.02. filed 
on 2/10/2000, (4) U.S. patent applicatfon serial no. 09/440.338, attomey docket no. 
25791.9.02. filed on 11/15/1999. (5) U.S. patent application serial no, 09/523,460, 

20 attomey docket no. 25791 .1 1 .02, filed on 3/1 0/2000. (6) U.S. patent application serial 
no. 09/512.895, attomey docket no. 25791.12.02. filed on 2/24/2000, (7) U.S. patent 
application serial no. 09/51 1 ,941 , attomey docket no. 25791 .16.02. filed on 2/24/2000, 
(8) U.S. patent application serial no. 09/588.946, attomey docket no. 25791.17.02. filed 
on 6/7/2000, (9) U.S. patent applicatton serial no. 09/559,122. attomey docket no. 

25 25791 .23.02, filed on 4/26/2000, (10) PCT patent application serial no. 

PCTAJSOO/18635, attomey docket no. 25791.25.02. filed on 7/9/2000. (11) U.S. 

pmvb ii nn ni patftnf Qpplfratinn ^prial rm fin/1fi9 , R71 , attorney d o cket no, 25791 >27. filed 

on 1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154.047, attomey 
docket no. 25791.29, filed on 9/16/1999, (13) U.S. provistonal patent applicatton serial 
30 no. 60/159.082. attomey docket no. 25791.34. filed on 10/12/1999. (14) U.S. 

provisional patent application serial no. 60/1 59,039. attomey docket no. 25791 .36, filed 
on 10/12/1999. (15) U.S. provisional patent application serial no. 60/159,033, attomey 
docket no. 25791.37. filed on 10/12/1999. (16) U.S. provisional patent application serial 
no. ■ attorney docket no. 25791 .38, filed on 6/1 9/2000. (17) U.S. 



29 



provisional patent application serial no. 60/165,228, attorney docket no. 25791.39. filed 

on 11/12/1999, (18) U.S. provisional patent application serial no. , 

attorney docket no. 25791 .45, filed on 7/28/2000, (19) U.S. provisional patent 

applteatton serial no. . attorney docket no. 25791.46. filed on 7/28/2000, 

5 and (20) U.S. provisional patent application serial no. , attorney docket 

no. 25791 .47, filed on 9/1 8/2000. the disclosures of which are incorporated herein by 
reference. 

In several alternative enit)odinients, the annular body 610 niay be omitted or 
may be compressible before, during, or after curing. 

10 Refening to Figs. 6c and 6d, a conventional roller expansion device 61 5 may 

then be posittoned within the tubular member 600 and operated iri a conventional 
manner apply a radial force to the intierior surface of the tubular member 600 to 
plastically defomi and radially expand a portion of the tubular member to thereby form 
a recess 620 in the tubular member. As will be recognized by persons having ordinary 

15 skill in the art, a roller expansion device typically utilizes one or more rollers that, 
through rotation of the device, apply a radial force to the interior surfaces of a tubular 
member, in several alternative embodiments, the roller expanston device 615 may 
include eccentric rollers such as, for example, as disctosed in U.S. Pat Nos. 5,014,779 
and 5.083,608, the disclosures of which are incorporated herein by reference. 

20 Referring to Figs. 6d and 6e, the roller expansion device 615 may then be 

removed and the shoe 605 drilled out using a conventional drilling device. 

Referring to Fig. 6f, an additional tubular member 625 may then be plastically 
defomied and radially expanded in a conventional manner and/or by using one or more 
of the methods and apparatus described above in order to form a nrrano-diameter 

25 wellbore casing. Before, during or after the radial expanston of the tubular member 
625, an annular body 630 of a fiuidlc sealing material may be fonmed around the 
tubular member in a conventtonai manner and/or by using one or more of the nrvethods 
and apparatus described above. 

In several alternative embodiments, the roller expanston device 615 may be 

30 coupled to the lx>ttom of an expansion cone in order to permit the over-expansion 
process to be perfomned during the radial expansion process implemented using the 
expansion cone. 

Referring initially to Fig. 7a. a wellbore 10 includes a preexisting wellbore 
casing 15. The wellbore 10 may be oriented in any orientation from the vertical to the 
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horizontal. The preexisting wellbore casing 15 may be coupled to the upper portion of 
the wellt}ore 10 using any numt)er of conventional methods. In a preferred 
emlxxliment, the wellbore casing 15 is coupled to the upper portion of the wellbore 10 
using one or more of the methods and apparatiis disclosed in one or more of the 
5 following: (1) U.S. patent application serial no. 09/454.139, attorney docket no. 
25791.03.02. filed on 12/3/1999, (2) U.S. patent application serial no. 09/510.913. 
attorney dodiet no: 25791 .7.02. filed on 2/23/2000. (3) U.S. patent appTication serial 
no. 09/502.350. attonrwy docket no. 25791.8.02. filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440.338. attorney docket no. 25791.9.02, filed on 1 1/15/1999. 
10 (5) U.S. patent applicatlm serial no. 09/523.460, attorney docket no. 25791 .1 1.02. filed 
on 3/10/2000. (6) U.S. patent application serial no. 09/512.895. attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent applkaBpn serial no. 09/511,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial 
no. 09/588.946. attomey docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent 
15 applicatton serial no. 09/559,122, attomey docket no. 25791 .23.02, filed on 4/26/2000. 
(10) PCT patent application serial no. PCT/USOO/18635, attomey docket no. 
25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial no. 
60/162.671, attomey docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. provlstonal 
patent applicatton serial no. 60/154.047, attomey docket no. 25791.29, filed on 
20 9/1 6/1 999, (1 3) U.S. provisional patent application serial no. 60/1 59,082. attomey 

docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial 
no. 60/159,039. attomey docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provistonal patent application serial no. 60/159,033. attorn^ docket no. 25791.37. filed 

on 10/12/1999, (16) U.S. provistonal patent application serial no. . 

25 attomey docket no. 25791 .38, filed on 6/1 9/2000. (17) U.S. provistonal patent 

application serial no. 60/165.228. attomey docket no. 25791 .39. fited on 1 1/12/1999. 

(1<^) U prnwitinnal patent apfJicaHon serial no. . attomey docket no. 

25791.45, filed on 7/28/2000. (19) U.S. provisional patent application serial no. 

, attomey docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

30 provisional patent application serial no. , attomey docket no. 25791 .47, 

filed on 9/18/2000. the disclosures of whteh are incorporated herein by reference. 
More generally, the preexisting wellbore casing 15 may be coupled to another 
preexisting wellbore casing and/or may include one or more concentrically positioned 
tubular members. 
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Referring to Rg. 7b» an apparatus 700 for radially expanding a tubular member 
may then be positioned within the weilbore 10. The apparatus 700 includes a tubular 
support member 705 defining a passage 710 for conveying fluidic materials. An 
expansion cone 715 defining a passage 720 and having an outer conical surbce 725 
5 for radially expanding tutnjiar members is coupled to an end of the tubular support 
member 70S. 

An expansion corie launcher 735 is movably coupled to and supported by the 
expansion cone 715. The expansion cone launcher 735 indiKles an upper portion 
735a having an upper outer diameter, an intemnediate portion 735b that mates with the 

1 0 expansion cone 715. and a lower portion 735c having a lower outer diameter. The 
lower outer diameter is greater than the upper outer diameter. The expansion cone 
launcher 735 further includes a recessed portion 735d having an outer diameter that is 
less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion of 

15 the expansion cone launcher 735. In a preferred embodiment, the valveable passage 
745 may be controllably dosed in order to fluididy isolate a region 750 below the 
expansion cone 715 and bounded by the Icwer portion 735c of the expansion cone 
launcher 735 and the shoe 740 from the region outside of the apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a of the 

20 expansion cone launcher 735. One or more sealing members 760a and 760b may be 
coupled to the exterior of the upper portion of the expandable tubular member 755. In 
several alternative embodiments, the sealing members 760a and 760b may indude 
eiastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used 

25 in addition to, the sealing members 760a and 760b. 

In a preferred embodiment, the support member 705, the expansion cone 715, 
the expansion cone launcher 735. the shoe 740, and the expandable tubular memt>er 
755 are provided substantially as disdosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791 .03.02, filed on 

30 1 2/3/1 999. (2) U.S. patent application serial no. 09/51 0,91 3, attomey dod<et no. 
25791.7.02. filed on 2/23/2000, (3) U.S! patent application serial no. 09/502.350, 
attorney docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338. attomey docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent 
application serial no. 09/523.460, attomey docket no. 25791 . 1 1 .02, filed on 3/1 0/2000, 
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(6) U.S. patent application serial no. 09/512.895, attorney docket no. 25791.12.02, filed 
on 2/24/2000, (7) U.S. patent application serial no. 09/511,941. attorney docket no. 
25791.16.02, fited on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, 
attorney docket no. 25791 .17.02, ffled on 6/7/2(XK), (9) U.S. patent applicatton serial 

5 no. 09/559,122, attorney docket no. 25791.23.02. Tiled on 4/26/2000. (10) PCT patent 
application serial no. PCT/USOO/18635, attorney docket no. 25791.25.02. filed on 
7/9/2000. (11) U.S. provisional patent application serial no. 60/162,671. attorney docket 
no. 25791.27. filed on 11/1/1999, (12) U.S. provisibnai patent application serial no. 
60/154,047, attorney docket no. 25791.29, filed on 9/16/1999. (13) U.S. provlsfonal 

10 patent applicatkxi serial no. 60/159.082. attorney docket no. 25791.34. filed on 
10/12/1999, (14) U.S. provisional patent applk»tion serial no. 60/159.039. attorney 
docket no. 25791 .36. filed on 10/12/199g..(15).U.S. provistonal patent application serial 
no. 60/159,033. attorney docket no. 25791.37, filed on 10/12/1999. (16) U.S. 
provisional patent application serial no. , attorney docket no. 

1 5 25791 .38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 

60/165,228. attorney docket no. 25791 .39, filed on 11/12/1999, (18) U.S. provisional 

patent appllcatton serial no. , attorney docket no. 25791.45, filed on 

7/28/2000, (19) U.S. provisional patent application serial no. attorney 

docket no. 25791 .46, filed on 7/28/2000. and (20) U.S. provisional patent application 

20 serial no. , attorney docket no. 25791 .47, filed on 9/18/2000, the 

disclosures of wtiich are incorporated herein by reference. 

As illustrated in Fig. 7b. in a preferred embodiment, during placement of the 
apparatus 700 wittiin the wellbore 10, fluklic materials 765 within the wellbore 10 are 
conveyed through the apparatus 700 through ttie passages 710, 720 and 745 to a 

25 locatton above the apparatus 700. In this manner, surge pressures during placement 
of the apparatus 700 within the wellbore 10 are reduced. In a prefenred embodiment, 

thft apparati ws 700 inififllly pns'itinnftd within thft wellbore 10 s u ch that the tOD DOrtion 

of the tubular member 755 overtaps with ttie preexisting casing 15. In ttils manner, the 
upper portion of the expandable tubular member 755 nnay be radially expanded into 
30 contact with and coupled to the preexisting casing 15. As will be recognized by 
persons having ordinary skill in the art, the predse initial position of the expandable 
tubular member 755 will vary as a function of Vt\e amount of radial expansion, the 
amount of axial shrinkage during radial expansion, and the material properties of the 
expandable tubular memt)er. 
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As iOustrated in Fig. 7c, a fluidic material 770 may then be injected through the 
apparatus 700 through the passages 710. 720, and 745 in order to test the proper 
operation of these passages. 

As illustrated in Fig. 7d, a hanienabie fluidic sealing material 775 may then be 

5 injected through the apparatus 700 through the passages 71 0, 720 and 745 Into the 
annulus between the apparatus and the wellbore 10. In this manner, an annular barrier 
to fluid migration Into and out of the weltbore 10 may be fonmed around the radially 
expanded expansion cone launcher 735 and expandable tubular member 755. The 
hardenable fluidic sealing material may include, for example, a cement mixture. In 

1 0 several alternative embodiments, the Injectbn of the hardenable fluidic sealing material 
775 may be omitted. In several altemative embodiments, the hardenable fluidic sealing 
material 775 is compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 7e, a non-hardenable fluidic material 780 may then be 
injected into the apparatus through tlie passages 710 and 720. A ball plug 785, or 

1 5 other similar device, may then be injected with the fluidic material 780 to thiereby seal 
off the passage 745. In this manner, the region 750 may be pressurized by the 
continued injection of the fluidic material 780 into the apparatus 700. 

As illustrated in Figs. 7f and 7g, the continued injection of the fluidic material 
780 into the apparatus 700 causes the expansion cone launcher 735 and expandable 

20 tubular member 755 to be plastically deformed arKi radially expanded off of the 
expansion cone 715. The resulting structure includes a lip 790. 

After completing the plastic deformation and radial expansion of the tubular 
member 755, the hardenable fluidic sealing material is allowed to cure to thereby fonm 
an annular body 795 that provides a banler to fluid flow into or out of the wellbore 10. 

25 Referring to Fig. 7h, the shoe 740 may then removed by drilling out the shoe 

using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled to 
the bottom portion of the plastically deformed and radially expanded tubular member 
755. . 

30 Referring to Rg. 7i. an additional tubular member 800 may then be plastically 

deformed and radially expanded in a conventional manner and/or by using one or more 
of the me^ods and apparatus described above in order to torn a mono-dianrieter 
wellbore casing. Before, durir^ or after the radial expansion of the tubular member 
800, an annular body 805 of a fluidic sealing material may be formed around the 
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tubular member \n a conventtonal manner and/or by using one or nrore of the methods 
and apparatus described above. In a prefenred embodintent. the lip 790 fadfitates the 
coupfing of the tubular member 800 to the tubular member 755 by providing a region 
on which the tubular member 800 may be easily coupled onto. 

5 Referring to Fig. 8a, in an alternative embodiment, a welibore 10 includes a 

preexisting section of wellbore casing 15 and 900. The wellbore casing 900 includes 
sealing members 905a and 908b and a recess 910. An annular body 915 of a fluidic 
sealing materi£|l nr>ay also be provided around the casing 900. The casing 900 and 
annular body 915 may be provided using any number of conventional methods, the 

10 methods described above, and/or using one or more of the methods disclosed in the 
following: (1) U.S. patent application serial no. 09/454,139. atlomey docket no. 
25791.03.02. filed on 12/3/1999, (2) U.S. patent application serid no. 09/510,913, 
attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502,360, attorney docket no. 25791 .8.02. filed on 2/10/2000, (4) U.S. patent 

15 application serial no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, 
(5) U.S. patent application serial no. 09/523,460, attomey docket no. 25791 .1 1 .02, filed 
on 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attomey docket no. 
25791 .1 2.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1 ,941 , 
attomey docket no. 25791 .16.02. filed on 2/24/2000, (8) U.S. patent application serial 

20 no. 09/588,946, attomey docket no. 25791 .1 7.02, filed on 6/7/2000, (9) U.S. patent 
application serial no. 09/559.122, atlomey docket no. 25791.23.02. filed on 4/26/2000, 
(10) PCT patent appiteation serial no. PCT/USOO/18635, attom^ docket no. 
25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial no. 
60/162.671. atlomey docket no. 25791.27, filed on 11/1/1999, (12) U.S. provisional 

25 patent applteafon serial no. 60/1 54,047, attorney docket no. 25791 .29, filed on 
9/16/1999. (13) U.S. provisional patent application serial no. 60/159,082. attorn^ 

docket no. 26701 .3<1, fil e d on 10/12/1999 . (14) U . S pmviainnal patent applicatlon serial 

no. 60/159.039. attomey docket no. 25791.36. filed on 10/12/1999, (15) U.S. 
provistonal patent application serial no. 60/159,033, attomey docket no. 25791 .37, filed 

30 on 10/12/1999, (16) U.S. provistonal patent application serial no. , 

attomey docket no. 25791 .38. filed on 6/19/2000, (17) U.S. provisional patent 
application serial no. 60/165,228, attomey docket no. 25791.39, filed on 11/12/1999. 

(18) U.S. provisional patent application serial no. , attomey docket no. 

25791.45. filed on 7/28/2000, (19) U.S. provisional patent application serial no. 
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, attorney docket no. 25791.46, filed on 7/28/2000. and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791 .47. 

filed on 9/18/2000, the disdosures of which are inoDrporated herein by reference. 

Referring to Fig. 8b, an apparatus 1000 for radiaHy expanding a tubular member 

5 is then positioned within the wellbore 1 0 ttiat includes a tubular support nnember 1 005 
that defines a passage 1010 for conveying fluidic materials. A hydraulic locking device 
1015 that defines a passage 1020 for conveying fiuMic materials ttiat is fluididy 
coupled to the passage 1010. The locking device 1015 further includes inlet passages, 
1020a and 1020b, actuating chambers, 1025a and 1025b, and kxddng members, 

10 1030a and 1 030b. During operation, the Injection of fluidic materials into the actuating 
chambers, 1025a and 1025b, causes the locking members. 1030a and 1030b, to be 
displaced outwardly in the radial direction. In this manner, the locking device 1015 may 
t>e controllably coupled to a tubular member to thereby maintain the tubular member in 
a substantially stationary position. As will be recognized by persons having ordinary 

15 . skill in the art, the operating pressures and physical shape of the inlet passages 1 020. 
actuating chamt)ers 1025, and locking members 1030 will determine the maximum 
amount of holding force provided by the locking device 1015. In several altemative 
embodiments, fluidic materials may be injected into the locking device 1015 using a 
dedicated fluid passage in order to provMe precise control of the locking device. In 

20 several altemative embodiments, the locking device 1015 may be omitted and the 
tubular support member 1 005 coupled directly to the tubular support memk)er 1 035. 

One end of a tubular support member 1035 that defines a passage 1040 is 
coupled to the kx:king devtee 1015. The passage 1040 is fluididy coupled to the 
passage 1020. An expansion cone 1045 that defines a passage 1050 and Indudes an 

25 outer conical surface 1 055 is coupled to another end of the tubular support member 
1035. An expansion cone launcher 1060 is movably coupled to and supported by the 
expansion cone 1045. The expansion cone launcher 1060 indudes an upper portion 
1060a having an upper outside diameter, an intermediate portion 1060b that mates 
with tiie expansion cone 1045, and a lower portion 1060c having a tower outside 

30 diameter. The lower outside diarneter is greater than the upper outside diameter. 

A shoe 1065 that defines a valveable passage 1070 is coupled to the lower 
portion 1 060c of the expansion cone launcher 1060. In this manner, a region 1 075 
below the expansion cone 1045 and bounded by the expansion cone launcher 1060 
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and the shoe 1065 may be pressurized and fluididy isolated from the annular region 
between the apparatus 1000 and the wellbore 10. 

An expandable tubular member 1080 is coupled to the upper portion of the 
expansion cone launcher 1060. tn several altemative embodinnents, one or more 
5 sealing members are coupled to the exterior of the upper portion of the expandable 
tubular member 1080. In several altemative embodiments, the sealing members may 
include elastomeric elements and/or metallic elennents and/or composite elements. In 
several altemative embodiments, one or more anchoring elements may substituted for, 
or used in addition to, the sealing members. 
10 An expansion cone 1085 defining a passage 1090 for receiving the tubular 

support member 1005 includes an outer conical surface 1095. A tubular support 
member 1 100 defining a passage 1 105 for receiving the tubular support nr^ember 1005 
is coupled to the bottom of the expansion cone 1085 for supporting and actuating the 
expansion cone. 

15 In a prefen^d embodiment, the support members 1005 and 1035. the 

expansion cone 1045, the expansion cone launcher 1060, the shoe 1065, and the 
expandable tubular member 1080 are provided substantially as disclosed in one or 
more of the following: (1) U.S. patent application serial no. 09/454,139, attorney docket 
no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent application serial no. 09/510,913. 

20 attorney dodcet no. 25791 .7.02. filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502,350, attorney docket no. 25791.8.02. filed on 2/10/2000, (4) U.S. patent 
applicatton serial no. 09/440,338, attorney docket no. 25791.9.02. filed on 1 1/15/1999, 
(5) U.S. patent application serial no. 09/523.460, attomey docket no. 25791 .1 1 .02, filed 
on 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 

25 25791.12.02, filed on 2/24/2000, (7) U.S. patent applicatton serial no. 09/51 1.941, 
attomey docket no. 25791 .16.02, filed on 2/24/2000, (8) U.S. patent application serial 

nn nQ/y;ftft QAfi fltfnmfty rinrkftt no. 257Q1.17 02. filed on 6/7/2000. (9) U.S. oatent 

application serial no. 09/559.122. attorney docket no. 25791.23.02. filed on 4/26/2000, 
(10) PCT patent applicatton serial no. PCTAJSOO/18635, attomey docket no. 

30 25791 .25.02, filed on 7/9/2000. (1 1 ) U.S. provisional patent application serial no. 
60/162,671 , attomey docket no. 25791.27, filed on 11/1/1999, (12) U.S. provisional 
patent application serial no. 60/154,047, attomey doc*et no. 25791.29, filed on 
9/16/1999, (13) U.S. provisfonal patent application serial no. 60/159,082. attomey 
docket no. 25791 .34, filed on 10/12/1999, (14) U.S. provisional patent application serial 
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no. 60/159,039, attorney docket no. 25791.36. filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159,033, attorney docket no, 25791.37, filed 

on 10/12/1999, (16) U.S. provisional patent application serial no. . . 

attorney docket no. 25791 .38, filed on 6/19^000, (17) U.S. provisional patent 

5 appiteation serial no. 60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, 

(18) U.S. provistonal patent application serial no. , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attonrjey docket no. 25791 .46, filed on 7/28/2000. and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791.47. 

1 0 filed on 9/1 8/2000, the disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 8b, in a preferred embodiment, during placement of the 
apparatus 1000 within the weilbore 10, fluidic materials 1 1 10 within the wellbore 10 are 
conveyed through the apparatus 1000 through the passages 1010, 1020, 1040 and 
1070 to a location above the apparatus 1000. In this manner, surge pressures during 

1 5 placement of the apparatus 1 000 within the wellbore 1 0 are reduced. In a preferred 
embodiment, the apparatus 1000 is initialiy positioned within the wellbore 10 such that 
the top portion of the tubular member 1080 overiaps with the recess 910 of the 
preexisting casing 900. In this manner, the upper portion of the expandable tubular 
member 1080 may be radially expanded into contect with and coupled to the recess 

20 910 of the preexisting casing 900. 

As illustrated in Fig. 8c, a fluidic material 1115 may then be injected through the 
api^ratus 1000 through the passages 1010, 1020. 1040, and 1070 in order to test the 
proper operation of these passages. 

As illustrated in Fig. 8d. a hardenabte fluidic sealing material 1 120 may then be 

25 injected through the apparatus 1000 through the passages 1010, 1020, 1040, and 
1070 into the annulus between the apparatus and the weilbore 10. In this manner, an 
annular barrier to fluid migration into and out of the wellbore 10 may be fonmed around 
the radially expanded expansion cone launcher 1060 and expandable iutHilar memt>er 
1080. The hardenabte fluidic sealing materialmay include, for example, a cement 

30 mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 1 120 may be omitted. In several altemative embodiments, the 
hardenable fluidic sealing material 1120 is compressible, before, during and/or after, 
the curing process. 
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As illustrated in Fig. 8e, a non-hardenable fluidic material 1125 may then be 
injected into the apparatus 1000 through the passages 1010, 1020 and 1040. A ball 
plug 1 130, or other similar device, may then be injected with the fluidic material 1 125 to 
thereby seal off the passage 1070. In this nnahner, the region 1075 may be 
5 pressurized by the continued injection of the fluidic material 1125 into the apparatus 
1000. Furthenmore, in this manner, the actuating chambers, 1025a and 1025b, of the 
lodcing device 101 5 noay be pressurized. In this manner, the tubular m^nber 1080 
may be held In a substantially stationary position by the locking device 1015. 

As illustrated in Fig. 8f, ttie expansion cone 1085 may then be actuated in the 

10 downward direction by a direct application of axial force using the support member 
1 100 and/or through the application of fluid force. The axial displacement of the 
expansion cone 1085 may plastically defonn and radially expand the upper portion of 
the expandable tubular member 1080. In this manner, the upper portion of the 
expandable tubular member 1080 may be precisely coupled to the recess 910 of the 

15 preexisting casing 900. 

During the downward actuation of the expansion cone 1085, the locking 
member 1015 preferably prevents axial displacement of the tubular member 1080. In a 
preferred embodiment, the locking member 1015 is positioned proximate the upper 
portion of the tubular member 1080 in order to prevent buckling of the tubular member 

20 1080 during the radial expansion of the upper portton of the tubular member. In an 
alternative embodiment, the locking member 1015 is omitted and the interference 
between the intemiediate portion 1060b of the expansion cone launcher 1060 and the 
expanston cone 1045 prevents the axial displacement of the tubular member 1080 
during the radial expansion of the upper portion of thq tubular member. 

25 As illustrated In Fig. 8g, the expansion cone 1 085 and 1 1 00 may then be raised 

outcfthewellbore 10. 

A5S il lini tra t firi in Rrj fth , thft mntini ipH inj<*cHnn nf t h e fluidic material 1 125 into 

the apparatus 1000 may then cause the expansion cone launcher 1060 and the 
expandable tubular member 1080 to be plastically defonmed and radially expanded off 
30 of the expansion cone 1045. In this manner, the expansion cone 1045 is displaced 
relative to the expanston cone launcher 1060 and expandable tubular member 1080 in 
the axial direction. In a preferred embodiment, the axial forces created during the 
radial expanston process are greater than the axial forces generated by the locking 
device 1015. As will be recognized by persons having ordinary skill in the art. the 
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precise relationship between these axial forces will vary as a function of the operating 
characteristics of the locking device 1015 and the metallurgical properties of the 
expansion cone launcher 1060 and expandable tubular 1080. In an alternative 
ennbodiment, the operating pressures of the actuating chmbers, 1025a and 1025b, 

5 and the region 1075 are separately contrdlable by providing separate and dedicated 
fluid passages for pressurizing each. 

As illustrated in Fig. 81, atter completing the plastic defonmation and radial 
expansion of the tubular nriember 1080, the hardenable fluldic sealing rnaterial is 
allowed to cure to thereby fomn an annular body 1 130 that provides a bam'er to fluid 

10 flow into or out of the wellbore 10. The shoe 1065 may then renfK)ved by drilling out the 
shoe using a conventional drilling device. A new section of the wellbore 10 may also 
be drilled out in order to permit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubular member 
1080. 

15 in an alternative embodiment, the annular body 1 1 30 may be omitted. In 

several alternative embodiments, the annular body 1 130 may be radially compressed 
before, during and/or after curing. 

Referring to Fig. 8j. the tubular member 1080 may be radially expanded again 
using one or more of the methods described above to provide an mono-diameter 

20 wellbore casing. 

Refening to Fig. 9a, a weDbore 1200 includes an upper preexisting casing 1205 
and a lower preexisting casing 1210. The casings, 1205 and 1210, may further include 
outer annular layers of fluidic sealing materials such as, for example, cement The 
ends of the casings, 1205 and 1210; are separated by a gap 1215. 

25 Refening to Fig. 9b, a tubular member 1 220 may then be coupled to the 

opposing ends of the casings. 1205 and 1210, to thereby bridge the gap 1215. In a 
preferred embodiment, the tubular member 1220 is coupled to the opposing ends of 
the casings, 1205 and 1210, by plastically deforming and radially expanding the tubular 
member 1220 using one or more of the methods and apparatus described and 

30 referenced above. 

Referring to Fig. 9c, a radial expansiori device 1225 may then be positioned 
within the tubular member 1 220. In a preferred embodiment, the length of the radial 
expansion device 1225 is greater than or equal to the axial length of the tubular 
member 1220. In several alternative embodiments, the radial expansion device 1225 
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may be any number of conventional radial expansion devices such as, for example, 
expansion cones actuated by hydraulic and/or direct axial force, roller expansion 
devices, and/or expandable hydraulic bladders. 

Referring to Figs. 9d and 9e, after actuation and subsequent de-actuation and 
removal of the radial expansion device 1225, the inside diameters of the casings, 1205 
and 1210. are substantially equal to the inside diameter of the tubular member 1220. 
In this manner, a mono-diameter wellbore casing may be fonmed. 

Refem'ng to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 
and an Inner tubular member 1310. In a preferred embodiment, the tubular members, 
1305 and 1310, are plastically defonmed and radially expanded using one or more of 
the methods and apparatus described and referenced above. In this manner, a 
wellbore casing may be provided whose burst and collapse strength may be precisely 
controlled by varying the number, thickness, and/or material properties of the tubular 
members, 1305 and 1310. 

Referring to Fig. 11a. a wellbore 1400 includes a casing 1405 that is coupled to 
a preexisting casing 1410. In a preferred embodiment, one or more sealing members 
1415 are coupled to the exterior of the upper portion of the tubular member 1405 in 
order to optimally seal the interface between the tubular member 1405 and the 
preexisting casing 1410. In a preferred embodiment, the tubular member 1405 is 
plastically deformed and radially expanded using conventional methods and/or one or 
more of the methods and apparatus described and referenced above. In an exemplary 
embodiment, the outside diameter of the tubular member 1405 prior to the radial 
expansion process is OD©, the wall thickness of the tubular nriember 1405 prior to the 
iBdiai expansion process is to, the outsMe dianneter of the tubular member following the 
radial expanston process is ODi, and the wall thickness of the tubular member 
foltowing the radial expansion process is ti. 

— Referring to Rg. 1 lb, a tubular nrtember 14?n may then be coupled to the lower 

portion of the tubular member 1405 by plastteally deforming and radially expanding the 
tubular member 1420 using conventional methods and/or one or more of the methods 
and apparatus described and referenced above. In a preferred embodiment, the 
exterior surface of the upper portion of the tubular member 1420 includes one or more 
sealing members for sealing the interface between the tubular niember 1420 and the 
tubular member 1405. 
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Referring to Fig. lie, lower portion of the tubular member 1405 and the tubular 
member 1420 may be radially expanded again to provide a mono^iameter wellbore 
casing. The additional radial expansion may be provided using conventional methods 
and/or one or more of the methods and apparatus described and referenced above. In 
5 an exemplary embodiment, the outside diameter and wall thickness of ttie lower portion 
of the tubular member 1405 after the additional radial expansion process are OD2 and 

The radial expansion process of F^s. 1 1b-1 1c can then be repeated to i^de 
a mono-diameter wellbore casirig of virtually unlimited length. 

10 In several alternative embodiments, the ordering of the radial expansions of the 

tubular members, 1405 and 1420, may be changed. For example, the first tubular 
number 1405 may be plastically defonmed and radially expanded to provide a lower 
portion having ttie outside diameter OD2 and the remaining portion having the outside 
diameter OD1. The tubular member 1420 may then be plastically defonned and 

15 radially expanded one or more times until the inside diameters of tiie tubular members, 
1405 and 1420. are substantially equal. The plastic deformations and radial 
expansions of ttie tubular members, 1405 and 1420. may be provided using 
conventional methods and/or one or more of the methods and apparatus described and 
referenced above. 

20 In an exemplary embodiment, the total expansion strain E of the tubular 

merTd)er 1405 may be expressed by the following equation: 

E^(ODs-ODo)/ODo (1) 
where ODo = original outside dianneter, 
25 OD1 = outside diameter after 1"^ radial expansion; and 

OD2 - outside diameter after 2^ radial expansion. 
Furthermore, in an exemplary embodiment, where: (1) Oie exterior surface of 
the upper portion of the tubular member 1420 includes sealing members, and (2) the 
radial spacing between the tubular member 1405 and the wellbore 1400 prior to the 
30 first radial expansion Is equal to d, the outside diameters, OD1 and OD2, of the tubular 
member 1405 following the first and second radial expansions may be expressed as: 

OD^^OD^ + 2d+2ty (2) 

OD^^ODy^lR^lt^ (3) 
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where ODo = the original outside diameter of the tubular memt>er 1405; 

ODi = the outside diameter of the tubular member 1405 

following the first radial expansion; 
OD2 = the outside diameter of the tubular oiember 1405 
5 following the second radial expansion; 

d = the radial spacing between the tubular member 
1405 and the wellbore prior to the first radial 
expansion; 

tt = the wall thickness of the tubular member 1405 
10 after the first radial e^qDansion; 

t2 ^ the wall thickness of the tubular meniber 1405 

after the second radial expansion; and 
R = the thickness of sealing member provided on the 
exterior surface of the tubular member 1420. 
15 Furthennore, in an exemplary embodiment, for d approximately equal to 0.25 

inches and R approximately equal to 0.1 inches, equation (1) can be approxiniated as: 

^ = (0.7"+3.7/o)/^?A (4) 

where to = the original wall thickness of the tubular member 

20 1405. 

In an exemplary embodiment, the total expanston strain of the tubular member 
1405 should be less than or equal to 0.3 in order to maximize the burst and collapse 
strength of the expandable tubular member. Therefore, from equation (4) the ratfo of 
the original outside diameter to the original wall thickness (OD(/to) may be expressed 
25 as: 

~~ ' ODJt,l3!il{03-ii.llUD,) (i) 

Thus, in a preferred embodiment, for ODo less than 10 inches, the optimal ratio 
of Vhe original outside diameter to the original wall thickness (ODA) may be expressed 
30 as: 

ODJt,> 16 (6) 
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In this manner, for typical tubular members, the burst and cx>liapse strength of 
the tubular members following one or more radial expansions are maximizBd when the 
relationship in equation (6) is satisfied. Furthermore, the relationships expressed in 
equations (1 ) through (6) are valid regardless of the order or type of the radial 

5 expansions of the tubular member 1405. More generally, the relationships expressed 
in equations (1) through (6) may be applied to the radial expansion of structures having 
a wide range of profiles such as, for example, triangular, rectangular, and oval. 

An apparatus for plasfically defonming and radially expanding a tubular member 
has been described that includes means for plasticaily deforming and radially 

1 0 expanding a first portion of the tubular member to a first outside diameter, and means 
for plastically defonning and radially expanding a second portion of the tubular member 
to a second outside diameter. In a prefen^d embodiment, the first outside diameter is 
greater than the second outside diameter In a preferred embodiment, the means for 
plastically defonning and radially expanding the first portion of the tubular member to 

15 the first outside diameter is removabje. In a preferred embodiment, the means for 
plastically deforming and radially expanding the first portion of the tubular member to 
the first outside diameter Is frengible. In a preferred embodiment, the means for 
plastically defonming and radially expanding the first portion of the tubular member to 
the first outside diameter is elastic. In a prefened embodiment, the means for 

20 plastically defonning and radially expanding the first portion of the tubular member to 
the first outside diameter includes means for applying a radial force to the first portion 
of the tubular member. In a prefen^ed embodiment, the means for plastically defonning 
and radially expanding the first portion of the tubular member to the first outside 
diameter Is inflatable. In a prefened embodiment, the means for plasticaily defonming 

25 and radially expanding the first portion of the tubular member to the first outside 
diameter includes railing means for applying radial pressure to the first portion of the 
tubular member. 

An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a tubular support member including a first fluid 
30 passage, an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid passage and an outer conical surface, a 
removable annular conical sleeve coupled to the outer conical surface of the expansion 
cone, an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member, and a shoe having a valveable passage coupled to an 
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end of the expansion cone launcher. In a preferred embodiment, the conical sleeve is 
frangible. In a prefenred embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elemente. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes plastically defomning and radially expanding a portion 
of the tubular member to a first outside diameter, and plastically defomning and radially 
expanding another portion of the tubular member to a second outside diameter. In a 
preferred embodiment, the first diameter is greater than the second diameter. In a 
preferred embodiment, plastically deforming and radially expanding the portion of the 
tubular member includes applying a radial force to the portion of the tubular member 
using a conical sleeve, in a prefened embodiment, conical sleeve is frangible. In a 
prefenred embodiment, the conical sleeve Is elastic. In a preferred embodiment, the 
conical sleeve Includes a plurality of arcuate elements. In a prefen^ed embodiment, 
plastically deforming and radially expanding the portion of the tubular member includes 
applying a radial force to the portion of the tubular member usir^ an inflatable bladder. 
In a preferred embodiment, plastically defomning and radially expanding the portion of 
the tubular member includes applying a radial force to the portion of the tubular 
member using a roller expansion device. 

A method of coupling a first tubular member to a second tubular member has 
also been described that includes plastically defonming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically deforming and 
radially expanding another portion of the first tubular member to a second outside 
diameter, positioning the second tubular member inside the first tubular member In 
overlapping relation to the first portion of ttie first tubular member, plastically defomning 
and radially expanding ttw second tubular member to a third outside diameter, and 
plastically defomning and radially expanding ttie second tubular member to a fourth 
outs i d e dtamptor. The inside d ia meter s of the first and seonnri tubular members after 
the plastic deformations and radial exparmions are substantially equal. In a preferred 
embodiment, the first outside diameter is greater than ttie second outside diameter. In 
a prefen-ed embodiment, plastically defonming and radially expanding the first portion of 
ttie first tubular member includes applying a radial force to ttie portion of the tubular 
member using a conical sleeve. In a preferred embodiment, ttie conical sleeve is 
frangible. In a prefenred embodiment, ttie conical sleeve is elastic. Inaprefen^d 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a preferred 
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embodiment, plastically defomiing and radially expanding the first portion of the first 
tubular member includes applying a radial force to the first portion of the first kibular 
member using an Inflatable bladder. In a preferred embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member Includes applying a 
5 radial force to the first portion of the first tubular member using a roller expansion 
device. 

An apparati^ for coupling a first tubular member to a second tubular mernber 
has also been described, that indudes means for plastically defonming and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 

1 0 for plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member inside ttie first tubular member in overlapping relation to the first portion of the 
first tubular member, means for plastically deforming and radially expanding the 
second tubular member to a third outside diameter, and means for plastically defonning 

15 and radially expanding the second tubular member to a fourth outside diameter. The 
inside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal. In a preferred emt>odiment» the first 
outside diameter is greater than the second outside diameter. In a prefenred 
embodiment, the means for plastically deforming and radially expanding the first 

20 portion of the first tubular member includes means for applying a radial force to the 
portion of ttie tubular member using a conical sleeve. In a preferred embodiment, the 
conical sleeve is frangible. In a prefenred embodiment, the conibal sleeve is elastic. In 
a preferred embodiment, the conical sleeve includes a plurality of arcuate elements. In 
a preferred embodiment, the means for plastically deforming and radially expanding the 

25 first portion of the first tubular niember includes means for applying a radial force to the 
first portion of the first tubular member using an inflatable bladder. In a prefened 
embodiment, the means for plastically deforming and radially expanding the first 
portion of ttie first tubular memt>er includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. 

30 An apparatus for forming a wellt>ore casing within a wellbore has also been 

described that includes means for supporting a tubular member within the wellbore, 
means for plastically defonning and radially expanding a first portion of the tubular 
member to a first outside diameter, and means for plastically deforming and radially 
expanding a second portion of the tubular member to a second outside diameter. In a 
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preferred embodiment, the first outside diameter is greater than the second outside 
diameter. In a preferred embodiment, the means for plastically defonming and radially 
expanding the finst portion of the tubular member to the first outside dianneter is 
removable. In a prefenred embodiment, the means for plastically deforming and 

5 radially expanding the first portion of the tubular member to the first outside diameter \s 
frangible. In a preferred enritxxiiment, the means for plastically deforming and radially 
expanding the first portion of the tubular member to the first outside diameter is elastic. 
In a preferred embodiment, the means for plastically deforming and radially expanding 
the first portion of the tubular member to the first outside diameter includes means for 

10 applying a radial force to the first portion of the tubular member, in a preferred 
embodiment, the means for plastically defonming and radially expanding the first 
portion of the tubular member to the first outside diameter is inflatable. In a prefenred 
embodiment, the means for plastically deforming and radially expanding the first 
portfon of the tubular member to the first outside diameter includes rolling means for 

15 applying radial pressure to the first portion of the tubular member. In a preferred 
embodiment, the apparatus further includes means for fonming an annular body of a 
fluidic sealing material within an annulus between the tubular member and the 
wellbore. 

An apparatus for fonming a wellbore casing within a wellbore has also been 

20 described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluididy coupled to the first fluid passage and an outer conical surfoce, a removable 
annular conical sleeve coupled to the outer conical surface of the expansion cone, an 
annular expansion cone launcher coupled to the conical sleeve and a lower portion of 

25 the tubular member, and a shoe having a valveable passage coupled to an end of the 
expansion cone launcher. In a prefenred embodiment, the conical sleeve is frangible. 

tn^a prftfftrf^d ftmh^dinnftnt, tha ronical sleeve is elastic. In a preferred embodiment. 

the conical sleeve includes a plurality of arcuate elements. 

A method of forming a wellbore casing within a wellbore has also been 

30 described that includes supporting a tubular member within a wellbore. plastically 
deforming and radially expanding a portion of the tubular member to a first outside 
diameter, and plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. In a preferred embodiment, the first 
diameter is greater than the second diameter. In a preferred embodiment, piasticaliy 



47 



deforming and radially expanding the portion of the tubular member includes applying a 
radial force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical 
sleeve is elastic. In a preferred embodiment, the conical sleeve includes a plurality of 

5 arcuate elernents. In a prefenned embodiment, plastiqally deforming and radially 
expanding the portion of the tubular member includes applying a radial force to the 
portion of the tubular member using an inflatable bladder. In a preferred embodiment, 
plastically defonrning and radially expanding the portiori of the tubular member includes 
applying a radial force to the portion of the tubular number using a roller expansion 

10 device. In a preferred embodiment, the method further includes injecting an annular 
body of a hardenable fluidic sealing material into an annulus between the tubular 
member and the wellbore. In a prefened embodinr^nt, the method further includes 
curing the annular body of hardenable fluidic sealing material. 

A method of fomiing a nnono-diameter virellbore casing wthin a wellbore has 

15 also been described that includes supporting a first tubular member within the wellbore, 
plastically defomiing and radially expanding a first portion of the first tubular member to 
a first outside diameter, plastically defomiing and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 

20 first tubular member, plastically defomrting and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and seoond tubular members after the plastic deformations and radial expansions 
are substantially equal. In a prefenred embodiment,^ the first outside diameter Is greater 

25 than the seoond outside diameter. In a preferred embodiment, plastically defonming 
and radially expanding the first portion of the first tubular member includes applying a 
radial force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is ft-angible. In a preferred embodiment the conical 
sleeve is elastic. In a preferred embodiment, the conical sleeve includes a plurality of 

30 arcuate elements. In a preferred embodiment, plastically defonning and radially 

expanding the first portion of the first tubular member includes applying a radial force to 
the first portion of the first tubular member using an iriflatable bladder. In a prefenred 
embodiment, plastically deforming and radially expanding tiie first portion of the first 
tubular member includes applying a radial force to Uie first portion of ttie first tubular 
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member using a roller expansion device. In a preferred embodiment, the method 
further includes injecting an annular body of a hardenabte fluidic sealing material Into 
an annulus between the first tubular member and the wellbore. In a prefenred 
embodiment, the method further includes curing the annular body of hardenable fluidic 

5 sealing material. In a preferred embodiment, the method further includes injecting an 
annular body of a hardenable fluidic sealing material into an annulus betM^en the 
second tubular member and the wellbore. In a preferred embodiment, the nnethod 
further includes curing the annular body of hardenable fluidic sealing material. 

An apparatus for coupling a first tubular member to a second tubular member 

10 has also been described that includes means for plastically defonning and radially 
expanding a first portion of the first tubular member to a first outside diameter, means 
for plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, means for positioning the second tubular 
member inside the first tubular member in overiapping relation to the first portion of the 

1 5 first tubular member, means for plastically deforming and radially expanding the 

second tubular member to a third outside diameter, and means for plastically defonning 
and radially expanding the second tubular member to a fourth outside diameter. The 
inside diameters of the first and second tubular members after the plastic defomiations 
and radial expansions are substantially equal. In a preferred embodiment, the first 

20 outside diameter is greater than the second outside diameter. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the first tubular member includes means for applying a radial force to the 
portion of the tubular member using a conical sleeve. In a preferred embodiment, the 
conical sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In 

25 a preferred embodiment, the conical sleeve includes a plurality of arcuate elements. In 
a preferred embodiment, the means for plastically defonning and radially expanding the 

first portlT> n ^ th» fir^t tiihniar member includes means for applying a radial force to the 

first portion erf the first tubular member using an Inflatable bladder. In a prefen^d 
embodiment, the means for plastically deforming and radially expanding the first 

3d portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. In a prefen-ed 
embodiment, the apparatus further includes means for injecting an annular body of a 
hardenable fluidic sealing material into an annulus between the first tubular member 
and the wellbore. In a prefenred embodiment, the apparatus further includes means for 
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curing the annular body of hardenable fluidic sealing material. In a preferred 
embodiment, the apparatus further includes means for injecting an ar^nuiar body of a 
hardenable fluidic sealing material into an annuhjs between the seqond tubular 
member and the wedbore. In a prefenred embodnment, the apparatus further includes 

5 means for curing the annular body of hardenable fluidic sealing material. 

An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes means for providing a lipped portion in a portion 
of the tubular member, and means for plastically deforming and radially expanding 
another portion of the tubular member 

10 An apparatus for plastically defonming and radially expanding a tubular member 

has also been described that includes a tubular support member Including a first fluid 
passage, an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid passage and an outer conical surface, an 
annular expansion cone launcher including: a first annular portion coupled to a lower 

15 portion of the tubular member, a second annular portion coupled to the first annular 
portion that mates with the outer conical surface of the expansion cone, a third annular 
portion coupled to the second annular portion having a first outside diameter, and a 
fourth annular portion coupled to the third annular portion having a second outside 
diameter, wherein the second outside diameter is less than the first outside diameter, 

20 and a shoe having a valveable passage coupled to fourth annular portion of the 
expansion oone launcher. 

A method of plastically defonning and radially expanding a tubular member has 
also been described that includes providing a lipped portion in a portion of the tubular 
member, and plastically deforming and radially expanding another portion of the tubular 

25 member. 

A method of coupling a first tubular member to a second tubular member has 
also been described that Includes providing a lipped portion in a portion of the first 
tubular member, plastically deforming and radially expanding another portion of the first 
tubular member, positioning the second tutujlar nriember inside the first tubular m6mt}er 
30 in overiapping relation to the lipped portion of the first tubular member, and plastically 
defomning and radially expanding the second tubular memt)er. The inside diameters of 
the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. 
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An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for providing a lipped portion in the first 
tubular member, means for plastically deforming and radiaity expanding another portion 
of the first tubular member, means for positioning the second tubular member Inside 

5 the first tubular member in overlapping relation to the lipped portion of the first tubular 
member, and means for plastically deforming and radially expanding the second 
tubular member. The inside dlarneters of the first and seicond tubular members after 
the plastic deformations and radial expansions are substantially equal. 

An apparatus for forming a wellbore casing within a wellbore has also been 

10 described that Includes means for supporting a tubular member within the wellbore, 
means for providing a lipped portion in the tubular member, and means for plastically 
defomiing and radially expanding another portion of the tubular member to a second 
outside diameter 

An apparatus for forming a wellbore casing within a wellbore has also been 
1 5 described that Includes a tubular support member Including a first fiuid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluidicly coupled to the first fluid passage and an outer conical surface, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
the tubular member, a second annular portion coupled to the first annular portion that 
20 mates with the outer conical surface of the expansion cone, a third annular portion 
coupled to the second annular portion having a first outskle diameter, and a fourth 
annular portion coupled to the fliird annular portion having a second outside diameter, 
wherein the second outside diameter Is less than the first outside diameter, and a shoe 
having a yalveable passage coupled to fourth annular portion of the expansion cone 
25 launcher. 

A method of fomiing a wellbore casing In a wellbore has also been described 

that includes supporting a tubular member within the wellbore, providing 9 lipped 

portion in a portion of the tubular member, and plastically defonming and radially 
expanding another portion of the tubular meml)er. In a preferred embodiment, the 
30 method further includes injecting a hardenable fluldic sealing material in an annulus 
between the tubular member and the wellbore. In a preferred embodiment, the method 
further indudes curing the fluidic sealing material. 

A method of forming a mono-diameter wellbore casing within a wellbore has 
also been described that includes supporting a first tubular member within the wellbore. 
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providing a tipped portion in a portion of the first tubular member, plastically defonning 
and radially expanding another portion of Ihe first tubular member, positioning the 
second tubular member inside the first tubular member In overlapping relation to the 
lipped portion of the first tubular merrfber, and plastically deforming and radially 

5 expanding the second tubular member. The inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are substantially 
equal. In a preferred embodiment, the method further includes injecting a hardenable 
fluidic sealing material in an annulus between the first tubular member and the 
wellbore. In a prefemed enDbodiment, the method further includes curing the fluidic 

10 sealing material. In a prefened embodiment, the method further includes injecting a 
hardenable fluidic sealing material in an annulus between the second tubular member 
and the wellbore. In a prefened embodiment, the method further includes curing the 
fluidic sealing material. 

An apparatus for forming a mono-diameter wellbore casing within a wellbore 

15 has also been described that includes means for providing a lipped portion in the first 
tubular member, nr>eans for plastically defonning and radially expanding another portion 
of the first tubular member, means for positioning the second tubular member inside 
the first tubular member in overiapping relation to the lipped portion of the first tubular 
member, and means for plastically defonning and radially expanding the second 
' 20 tubular member. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, the apparatus further includes means for injecting a hardenable fluidic 
sealing material In an annulus between the first tubular member and the wellbore. In a 
preferred embodiment, the apparatus further includes means for curing the fiuidic 

25 sealing material. In a prefened embodiment, the apparatus further includes means for 
injecting a hardenable fluidic sealing material in an annulus between the second 
tubular member and the wellbore. In a preferred embodiment, the apparatus further 
includes means for curing the fluidic sealing material. 

An apparatus for plastically deforming and radially expanding a tubular member 

30 has also been described that includes means for plastically deforming and radially 
expanding a first end of the tubular member, and means for plastically deforming and 
radially expanding a second end of the tubular member. In a prefenred embodiment, 
the apparatus further includes means for anchoring the tubular member during the 
radial expansion. 
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An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a tubular support member including a first 
passage, an expansion cone coupled to the tubular support having a second passage 
fluididy coupled to the first passage and an outer conical surface, an annular 
5 expansion cone launcher movably coupled to outer conical surface of the expansion 
cone, an expandable tubular member coupled to an end of the annular expansion cone 
launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
coupled to the tubular support member. The annular expansion cones are positioned 

10 in opposite orientations. In a preferred embodiment, the annular expansion cone is 
adapted to plastically deform and radially expand a first end of the expandable tubular 
member and the other annular expansion cone is adapted to plastically defonn and 
radially expand a second end of the expandable tubular member. In a prefen^ 
embodiment, the apparatus further includes an anchoring member coupled to the 

15 tubular support member adapted to hold the expandable tubular. 

A method of plastically defomrting and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a first 
end of the tubular member, and plastically defonming and radially expanding a second 
end of the tubular member. In a preferred embodiment, the method further Includes 

20 anchoring the tubular member during the radial expanston. In a preferred embodiment, 
the first end of the tubular member is plastically deformed and radially expanded before 
the second end. In a preferred embodiment, plasfically defonning and radially 
expanding the second end of the tubular member includes injecting a fluldic material 
into the tubular member. 

25 A method of coupling a first tubular member to a second tubular member has 

also been described that includes positioning the second tubular member inside the 

first tubular member In an overiapping rftlatlnnship, plastically defonning and radially 

expanding the end of the second tubular member that overtaps with the first tubular 
member, and plastically deforming and radially expanding the remaining portion of the 

30 second tubular member. In a prefered embodiment, the method further includes 
plastically defomiing and radially expanding at least a portion of the second tubular 
member. In a preferred embodiment, the inside diameters of the first and second 
tubular nnembers are substantially equal after the radial expansions. 
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An apparatus for coupling a first tubular member to a second tubular member 
. has also been described that includes means for posittoning the second tubular 
member inside the first tubular member in an overlapping relationship, means for 
plastically defonning and radially expanding the end of the second tubular member that 

5 overlaps with the first tubular rnember. and means for plastically defonning and radially 
expanding the remaining portion of the second tubular member. In a preferred 
embodiment, the apparatus further includes means for plastically deforming and 
radially expanding at least a portion of ttie second tubular member. In a prefen-ed 
embodiment, the inside diameters of the first and second tubular members are 

1 0 substantially equal after the radial expansions. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore, 
means for plastically deforming and radially expanding a first end of the tubular 
member, and means for plastically defonning and radially expanding a second end of 

15 the tubular member. In a preferred embodiment, the apparatus further includes means 
for anchoring the tubular rnember during the radial expansion. In a prefen^ 
embodiment, the apparatus further includes means for injecting a hardenable fluidic 
sealing material into an annulus between the tubular men4)er and the wellbore. 
An apparatus for forming a wellbore casing within a wellbore has also been 

20 described that includes a tubular support member including a first passage, an 
expansion cone coupled to the tubular support having a second passage fluididy 
coupled to the first passage and an outer conical surface, an annular expansion cone 
launcher movably coupled to outer conical surface of the expanston cone, an 
expandable tubular member coupled to an end of the annular expansion obne 

25 launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
coupled to the tubular support member. The annular expansion cones are positioned 
in opposite orientations. In a preferred embodiment, the annular expansion cone is 
adapted to plastically defbnn and radially expand a first end of the expandable tubular 

30 member and the other annular expansion cone is adapted to plastically deform and 
radially expand a second end of the expandable tubular member, in a preferred 
embodiment, the apparatus further includes an anchoring member coupled to the 
tubular support rnember adapted to hold the expandable tubular. 
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A method of forming a wellbore casing within a wellbore has also been 
described that includes plastically defomning arid radially expanding a first end of the 
tubular member, and plasticaRy deforming and radially expanding a secorui end of the 
tubular member. In a prtferred embodiment, the method further Includes anchoring the 
5 tubular member during the radial expansion. In a prefenred embodiment, the first end 
of the tubular member is plasHcaDy defomned and radially expanded before the second 
end. In a preferred embodimeiYt, plastically defomrring and radially expanding the 
second end of the tubular member indudes injecting a fluldic material Into the tubular 
member. In a prefen^d embodiment, the method further Includes injecting a 
10 . hardenaMe fiuidic sealing material into an annulus between the tubular member and 
the wellbore. 

A method of forming a wellbore casing within a wellbore has also been 
described that includes plasticaBy deforming and radially expanding a first tubular 
member within the wellbore, positioning a second tubular member inside the first 

15 tubular member in an overiapping relationship, plastically deforming and radially 
expanding the end of the second tubular member Oiat overlaps with the first tubular 
member, plastically deforming and radially expanding the remaining portion of the 
second tubular member. In a preferred embodiment, the method further includes 
plastically defonning and radially expanding at least a portion of the second tubular 

20 member. In a prefen-ed embodiment, the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. In a preferred 
embodinrient, the method further includes injecting a hardenable fiuidic sealing material 
into an annulus between the first tubular memt>er and the wellbore. In a preferred 
embodiment, the method further iricludes injecting a hardenable fiuidic sealing material 

25 into an annulus between the second tubular member and the welllxm. 

An apparatus for fomning a wellbore casing within a wellbore has also been 

describ e d th a t i nclud es means for pl as Mc al ly deform i ng and radially exp a nd i ng a first 

tubular member within the wellbore, means for positioning the second tubular member 
inside the first tubular member in an overiapping relationship, means for plastically 

30 deforming and radially expanding the end of the second tubular member that overiaps 
with the first tubular member, means for plastically defomning and radially expanding 
the renrwining portion of the second tubular member. In a preferred emlxxJiment, the 
apparatus further includes means for plastically deforming and radially expanding at 
least a portion of the second tubular memt)er. In a preferred emtxxlimerit, the inside 
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diameters of the first and second tubular memt)ers are substantially equal after the 
radial expansions. In a preferred embodiment, the apparatus further includes means 
for injecting a hardenable ifluidic sealing material into an annulus between the first 
tubular member and the wellbore. In a preferred embodiment, the apparatus further 

5 includes means for Injecdng a hardenable fluidic sealing material into an annulus 
between the second tubular member and the wellbore. 

An apparatus for bridging an axial gap between opposing pairs of wellbore 
casing within a wellbore has also been described that indudes means for supporting a 
tubular member in overtapping relation to the opposing ends of the wellbore casings, 

10 means for plastically deforming and radially expanding the tubular member, and means 
for plastically defonning and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore has also been described that Includes supporting a tubular member in 

15 overiapping relation to the opposing ends of the wellbore casings, plastically deforming 
and radially expanding the tubular member, and 

plastically deforming and radially expanding the tubular member and the opposing 
ends of the wellbore casings. 

A method of forming a structure having desired strength characteristics has also 

20 been described that indudes providing a first tubular member, and plastically defonning 
and radially expanding additional tubular members onto the interior surfeice of the first 
tubular member until the desired strength charaderistics are achieved. 

A method of forming a wellt>ore casing within a wellbore having desired strength 
characteristics has also been descn'bed that indudes plastically deforming arid radially 

25 expanding a first tubular member within the wellbore. and plastically defonning and 
radially expanding additional tubular members onto the interior surface of the first 
tubular memt>er until the desired strength characteristics are achieved. 

A method of coupling a first tubular member to a second tubular member, the 
first tubular member having an original outside diameter ODq and an original wall 

30 thickness to. has also been described that indudes plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
plastically deforming and radially expanding another portion of the first tubular member 
to a second outside diameter, positioning the second tubular member inside the first 
tubular member in overiapping relation to the first portion of the first tubular memt}er. 



plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and plasticaily deforming and radially expanding the second tubular 
member to a fourth outside diameter, wherein the inside diameters of the first and 
second tubular members after the plastic deformations and radial expansions are 

5 substantially equal, arid 

wherein the ratio of the original outside diameter ODo of the first tubular member to the 
original wall thidcness to of the first tubular member is greater than or equal to 16. 

A method of forming a mono^llameter welll)ore casing has also been described 
that includes positioning a first tubular member within a wellbore, the first tubular 

10 member having an original outside diameter ODo and an original wall thickness tb, 

plastically defonning and radially expanding a first portton of the first tubular memt)er to 
a first outside diameter, plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of the 

15 . first tubular member, plastically defonning and radially expanding \he second tubular 
member to a third outside diameter, and plastically deforming and radially expanding 
the second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial expansions 
are substantially equal, and wherein the ratio of the original outside diameter ODo of 

20 the first tubular member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. 

An apparatus has also been described that includes a plastically defomned and 
radially expanded tubular member having a first portton having a first outside diameter 
and a remaining portion having a second outskie diameter, wherein the ratio of the 

25 original outside diameter ODo of the first tubular member to the original wall thtekness to 
of the first tubular member is greater than or equal tp 16. 

A n apparafiw: ha^ aten Knnn rir>f-rrihftri that inHiirk» a p lasticaHy deformed and 

radially expanded first tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, and a plastically 
30 deformed and radially expanded second tubular member coupled to the first portion of 
the first tubular member. The ratio of the original outside diameter ODo of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. In a prefened embodiment, the inside diameters of the first and 
second tubular members are substantially equal. 
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A wellbore casing formed in a wellbore has also been described tliat includes a 
plastically deformed and radially expanded first tubular member having a first portion 
having a first outside diameter and a remaining portion having a second outside 
diameter, and a plastically deformed and radially expanded second tubular member 
5 coupled to the first portion of the first tubular member. The ratio of the original outside 
diameter ODo of the first tubular member to the original wall thickness to of the first 
tubular member is greater than or equal to 16. In a preferred embodiment, the inside 
diameters of the first and second tubular members are substantially equal. 

An apparatus has also been described that includes a plastically deformed and 
10 radially expanded tubular member, in a preferred embodiment, the ratio of the original 
outside diameter ODo of the tubular member to the original wall tNckness to of the 
tubular member is greater than or equal to 16. 

In several alternative erhbodlments, the methods and apparatus described and 
referenced above may be used to fomn or repair wellbore casings, pipelines, and 
1 5 structural supports. 

Although this detailed desolption has shown and described illustrative 
embodiments of the invention, this description contemplates a wide range of 
modifications, changes, and substitutions. In some instances, one may employ some 
features of the present invention without a corresponding use of the other features. 
20 Accordingly, it is appropriate that readers should construe the appended daims 
broadly, and in a manner consistent with the scope of the Invention. 
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Claims 

1 An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second fluid 
passage fluididy coupled to the first fluid passage and an outer conical surface; 
an annular expansion cone launcher comprising: 
a first annular porfon coupled to a lower portion of the tubular member, 
a second annular portion coupled to the first annular portion that mates with the 
outer conical surface of the expansion cone; 

a third annular portion coupled to the second annular portion having a first 
outside diameter, and 

a fourth annular portion coupled to the third annular portion having a second 
outside diameten 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

2 An apparatus for fonning a wellbbre casing within a wellbore, comprising: 
20 a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second fluid 
passage fluidiciy coupled to the flrst fluid passage and an outer conical surface; 
an annular expansion cone launcher comprising: 
a first annular portion coupled to a lower portion oT the tubular member; 
25 a second annular portion coupled to the first annular portion that mates with the 

outer conical surface of the expansion cone; 

a third annular portfoh mnptpri tn thP wmnd annular pnf linn having first 

outside diameter; and 

a fourth annular portion coupled to the third annular portion having a second 
30 outside diameter. 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe having a valveable passage coupled to fourth annular |K)rtion of the expansion 
cone launcher. 



10 
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1 . An apparatus for plasticaily deforming and radially expanding a tubular member, 
comprising: 

means for plastically deforming and radially exparuling a first portion of the 
tubular member to a first outside diameter, and 
5 means for plastically deforming and radially expanding a second portion of the 

tubular member to a second outside diameter. 

2. The apparatus of claim 1 , v^rein the first outside diameter Is greater than the 
second outside diameter. 

10 

3. The apparatus of claim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter Is 
removable. 

15 4. The apparatus of daim 1 . wherein the means for plastically deforming and 

radially expanding the first portion of the tubular member to the first outside diameter is 
frangible. 

5. The apparatus of claim 1 , wherein the means for plastically defomning and 

20 radially expanding the first portion of the tubular member to the first outside diameter is 
eteistic. 

6. The apparatus of claim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 

25 comprises nrmans for applying a radial force to the first portion of the tubular member. 

7. The apparatus of daim 1 , wherein the means for plastically defomning and 
radially expanding the first portion of the tubular member to the first outside diameter is 
inflatable. 

30 

8. The apparatus of claim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 
indudes rolling means for applying radial pressure to the first portion of the tubular 
member. 
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9. An apparati^ for plastically deforming and radially expanding a tubular member, 
comprising: 

a tubular support member Including a first fluid passage; 
5 an expansion cone coupled to the tubular support member having a second 

. fluid passage fluididy coupled to Vhe first fluid passage and an outer 
conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

10 an annular expansion cone launcher coupled to the conical sleeve and a lower 

portipn of the tubular member, and 
a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

15 10. The apparatus of claim 9, wherein the conical sleeve is frangible. 

1 1 . The apparatus of daim 9, wherein the conical sleeve is elastic. 

1 2. The apparatus of daim 9, wherein the conical sleeve comprises a plurality of 
20 arcuate elements. 

1 3. A method of plastically defonning and radially expanding a tubular member, 
comprising: 

plastically defonning and radially expanding a portion of the tubular member to 
25 a first outside diameter; and 

plastically deforming and radially expanding another portion of the tubular 
member to a second oirtside diameter, : 

14. The method of daim 13, wherein the first diameter is greater than the second 
30 diameter. 

1 5. The method of daim 1 3, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 
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applying a radial force to the portim of the tubular member using a conical 
sleeve. 

16. The method of claim 15, wherein the conical sleeve is frangible. 

5 

17. The method of daim 15, wherein the conical sleeve is elastic. 

1 8. The method of daim 1 5, wherein the conical sleeve comprises a plurality of 
arcuate elements: 

10 

19. The method of daim 13, wherein plastically defonrning and radially expanding the 
portton of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
15 bladder. 



20. The method of daim 1 3, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubuler member using a roller 
20 expansion device. 

21 . A method of coupling a first tubular member to a second tubular member, 
comprising: 

plastically deforming and radially expanding a first portion of the first tubular 
25 memt)er to a first outside diameter, 

plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter, 
positioning the second tubular member inside the first tubular member In 

overlapping relation to the first portion of the first tubular member; 
30 plastically defonming and radially expanding the second tubular member to a 

third outside diameter, and 
plastically defomriing and radially expanding the second tubular member to a 

fourth outside diameter. 



62 



wherein the inside diameters of the first and second tubular members after the 
plastic defbnmations and radial expansions are substantially equal. 

. 22. The method of dalm 21, wherein the first outside diameter Is greater 
5 second outside diameter 

23. The method of daim 21 . wherein plasttoaliy defonning and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member i^ng a conical 
10 sleeve. 

24. The method of daim 23, wherein the conical sleeve is frangible. 

25. The method of claim 23. wherein the conical sleeve is elastic. 

15 

26. The method of daim 23, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

27. The method of daim 21 . wherein plastically defonning and radially expanding the 
20 first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 

28. The method of dalni 21 , wherein plastically defonning and radially expanding the 
25 first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a 

rnllftr flypansion device. ; . 

29. An apparatus for coupling a first tubular member to a second tubular member, 
30 comprising: 

means for plastically defonning and radially expanding a first portion of the first 

tubular member to a first outside diameter 
means for plastically deforming and radially expanding another portion of the 

first tubular member to a second outside diameter. 
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means for positioning tlie second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular 

memben > 
means for plastically defonning and radially expanding the second tubular 
5 member to a third outside diameter, and 

means for plastically deforming and radially expanding the second tubular 

member to a fourth outside diameter; 
wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal. 

10 

30. Tlie apparatus of claim 29, wherein the first outside diameter is greater than the 
second outside diameter. 

31 . The apparatus of claim 29, wherein the means for plastically deforming and 
1 5 radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

32. The apparatus of daim 31 , wherein the conical sleeve is frangible. 

20 

33. The apparatus of claim 31 , wherein the conical sleeve is elastic. 

34. The apparatus of daim 31 , wherein the conical sleeve comprises a plurality of 
arcuate elements. 

25 

35. The apparatus of daim 29. wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using an inflatable bladder. 

30 

36. The apparatus of daim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using a roller expansion deyice. 
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37. An apparatus for forming a wellbore casing within a wellbore, comprising: 

means for supporting a tubular member within the weilbore; 
means for plastically deforming and radially expanding a first portion of the 
5 tubular member to a first outside diameter, and 

means for plastically defomning and radially expanding a second portion of the 
tubular member to a second outside diameter. 

38. the apparatus of daim 37. wherein the first outside diameter is greater than the 
10 second outside diameter. 

39. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
removable. 

15 

40. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 
frangible. 

20 41 . The apparatus of claim 37, wherein the means for plastically disfonming and 

radially expanding the first portion of the tubular member to the first outside diameter is 
elastic. 

42. The apparatus of claim 37, wherein the means for plastically defomning and 

25 radially expanding the first portion of the tubular member to the first outside diameter 
comprises means for applying a radial force to the first portion of the tubular member. 

43. The apparatus of claim 37. wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter is 

30 inflatable. 

44. The apparatus of claim 37. wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside diameter 
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comprises rolling means for applying radial pressure to the first portion of the tutnjlar 
memt)er. 

45. The apparatus of daim 37, further comprising: 
.5 means for fonming an annular body of a fluldic sealing material within an 

annulus between the tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore. comprising: 
a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface; 

a renfK)Vdble annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular memben and 
a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

20 47. The apparatus of daim 46. wherein the conical sleeve is frangible. 

48. The apparatus of daim 46, wherein the conical sleeve is elastic. 

49. The apparatus of daim 46, wherein the conical sleeve comprises a plurality of 
25 arcuate elements. 

50. A method of fonning a wellbore casing within a wellbore, comprising: 

supporting a tubular memt>er within a wellbore; 

plastically defonming and radially expanding a portion of the tubular member to 
. 30 a first outside diameter; and 

plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter. 



46. 

10 
15 
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51 . The method of daim 50, wherein the first diameter is greater than the second 
diameter. 

52. The method of claim 50, wherein plastically defonming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

53. The method of claim 50. wherein the conical sleeve is frangible. 

54. The method of daim 50, wherein the conical sleeve is elastic. 

55. The method of daim 50. wherein the conical sleeve comprises a plurality of 
arcuate elements. 

56. The method of daim 50, wherein plastically defomiing ar^d radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
bladder. 

57. The method of daim 50, wherein plastically defomning and radially expanding the 
|X)rtion (rf the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

58. The method of daim 50, further comprising: 

injedlng an annular body of a hardenable fluidic sealina material into an 

annulus between the tubular member and the wellbore. 

59. The method of daim 58, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

60. A method of fomning a mono-diameter wellbore casing within a wellbore. 
comprising: 
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supporting a first tubular member within the wellbore; 

plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameten 
plastically defonming and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member Inside the first tubular member in 

overlapping relation to the first portion of the first tubular member, 
plastically defonming ar)d radially expanding the second tubular member to a 

third outsMe diameten and 
plastically defomfiing and radially expanding the second tubular member to a 

fourth outside diameten 
wherein the inside diameters of the first and second tubular members after the 

plastic defomiations and radial expansions are substantially equal. 

61 . The method of daim 60, wherein the first outside diameter is greater than the 
second outside diameter. 

62. The method of daim 60. wherein plastically defonning and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of flie tubular member using a conical 
sleeve. 

63. The method of daim 62, wherein the conical sleeve is frangible. 

64. The method of daim 62, wherein the conical sleeve is elastic. 

65. The method of daim 62, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

66. The method of daim 60, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial lorce to the first portion of the first tubular member using an 
inflatable bladder. 
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67. The method of daim 60» wherein plastically defonning and radially expanding the 
first portion of the first tubular memt)er comprises: 

applying a radial force to the first portion of the first tubular nnember using a 
roller expansion device. 

5 

68. The method of daim 60, further comprising: 

injecting an annular body of a hardenaUe fluidic sealing material into an 
annulus between the first tubular member and the wellbore. 



1 0 69. The method of daim 68, further comprising: 

curing the annular body of hardenabie fluidic sealing nriaterial. 

70. The method of daim 60. further comprising: 

injeding an annular txxJy of a hardenabie fluidic sealing material into an 
1 5 annulus between the second tubular member and the wellbore. 



71 . The method of daim 70, further comprising: 

curing the annular body of hardenabie fluidic sealing material. 

20 72. An apparatus for coupling a first tubular member to a second tubular member, 

comprising: 

means for plastically defomning and radially expanding a first portion of the first 

tubular member to a first outside diameter, 
means for plastically deforming and radially expanding another portion of the 
25 first tubular member to a second outside diameter; 

means for positioning the second tubular member Inside the first tubular 

— nriRmhfir In overlapp ing relat'on to the first portion of the first tubular 

memt)er; 

means for plastically deforming and radially expanding the second tubular 
30 member to a third outside diameter, and 

means for plastically deforming and radially expanding the second tubular 

member to a fourth outside diameter; 
wherein the inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions dre substantially equal. 
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73. The apparatus of claim 72, wherein the first outside tliameter is greater than the 
second outside diameter. 



5 74. The appanatus of daim 72, wherein the means for plastically defonming and 
radiaBy expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

1 0 75. The apparatus of claim 74, wherein the conical sleeve is frangible. 

76. The apparatus of claim 74, wherein the conical sleeve is elastic. 

77. The apparatus of claim 74, wherein the conical sleeve comprises a plurality of 
15 arcuate elements. 

78. The apparatus of daim 72, wherein the means for plastically deforming and 
radially expanding the first portion of flie first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular memt)er 
20 using an inflatable bladder. 

79. The apparatus of claim 72, wt^rein the means for plastically deforming and 
radially expanding the first portion of the first tubular memt>er comprises: 

means for applying a radial force to the first portion of the first tubular memt)er 
25 using a roller expansion device. 

80. The apparatus of daim 72, further comprising: 

means for injecting an annular body of a hardenable fluidic sealing material into 
an annulus between the first tubular member and the wellbore. 

30 

81 . The apparatus of daim 80, further comprising: 

means for curing the annular body of hanjenable fluidic sealing material. 

82. The apparatus of daim 72, further comprising: 
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means for injecting an annular body of a hardenable fluidic $ealing material into 
an annulus between the second tubular member and the wellbore. 

83. The apparatus of daim 82, further compri^ng: 

means for curing the annular body of hardenable fluidic sealing material. 

84. An apparatus for plastically defomiing and radially expanding a tubular meniber, 
comprising: 

means for providing a lipped portion in a portion of the tubular member and 
means for plastically defonming and radially expanding another portion of the 
tubular member. 

85. An apparatus for plastically defomiing and radially expanding a tubular member, 
comprising: 

a tubular support member including a first fluid passage; 
an expansion cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid passage and an outer 
conical surface; 
an annular e)q>ansion cone launcher comprising: 

a first annular portion coupled to a lower portion of the tubular member, 
a second annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a 

first outside diameter, and 
a fourth annular portion coupled to the third annular portion having a 
second outside diameter, 

wherein the second outside diameter is less than the first outside 

diameter, and 

a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

86. A method of plastically defomning and radially expanding a tubular member, 
comprising: 

providing a lipped portion In a portion of the tubular member, and 
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plastically deforming and radially expanding another portion of the tubular 
member. 



87. A method of coupling a first tubular member to a second tubular member, 
5 comprising: . 

providing a lipped portion in a portion of the first tubular member, 
plastically defonning and radially expanding another portion of the first tubular 
member, 

positioning the second tubular member inside the first tubular member in 
1 0 overlapping relation to the lipped portion of the first tubular member, and 

plastically deforming and radially expanding the second tubular member; 
wherein the inside diameters of the first and second tubular members after the 
plastic defomnations and radial expansions are substantially equal. 

15 88. An apparatus fot coupling a first tubular member to a second tubular member, 
comprising: 

means for providing a lipped portion in the first tubular rnember; 
means for plastically deforming and radially expanding another portion of the 
first tubular member, 

20 means for posittoning the second tubular member inside the first tubular 

member in overlapping relation to the lipped portion of the first tubular 
memt)6r;and 

means for plastically defonning and radially expanding the second tubular 
member; 

25 wherein the inside diameters of the first and second tubular members after the 

plastic defomnations and radial expansions are substantially equal. 

An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 
means for providing a lipped portion in the tubular member and 
means for plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

90. An apparatus for fonming a wellbore casing within a wellbore, comprising: 



89. 
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a tubular support member including a first fluid passage; 
an e)q>anslon cone coupled to the tubular support member having a second 
fluid passage fluididy coupled to the first fluid passage and an outer 
conical surface; 
5 an annular expansion cone launcher comprising: 

a first annular portion coupled to a lower portion of the tubular member, 
a second annular portion coupled to the first annular portion that mates 

with the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a 
10 first outside diameter; and 

a fourth annular portion coupled to the third annular portion having a 

second outside diameter, 
wherein the second outside diameter Is less than the first outside 
diameter and 

15 a shoe having a vatveable passage coupled to fourth annular portion of the 

expansion cone launcher. 

91 . A method of fomnlng a wellbore casing in a wellbore, comprising: 

supporting a tubular member within the wellbore; 
20 providing a lipped portion in a portion of the tubular member; and 

plastically defonming and radially expanding another portion of the tubular 
member. 

92. The method of daim 91 , further comprising: 

25 Injecting a hardenable fluidic sealing material in an annulus between the tubular 

member and the wellbore. 



93. The method of datm 92. further comprising: 
curing the fluidic sealing material. 
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94. A method of fomning a mono-diameter wellbore casing within a wellbore. 
comprising: 

supporting a first tubular member within the wellbore; 
providing a lipped portion In a portion of the first tubular member, 

73 



plastically deforming and radially expanding another portion of the first tubular 
memt>en 

positioning the second tubular member inside the first tubular nnember in 

overlapping relation to the lipped portion of the first tubular member; and 
5 plastically defomning and radially expanding the second tubular memben 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

95. The method of claim 94, further comprising: 

1 0 injecting a hardenable fluidic sealing material in an annulus between the first 

tubular member and the wellbore. 

96. The method of claim 95. further comprising: 
curing the fluidic seating material. 

15 

97. The method of daim 94, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the second 
tubular member and the wellbore. 



20 98. The method of daim 97, further comprising: 
curing the fluidic sealing material. 



99. An apparatus for fonming a mono-diameter wellbore casing within a wellbore. 
comprising: 

25 means for providing a lipped portion in the first tubular member, 

means for plastically defonning and radially expanding another portion of the 

first tubular member; 
means for positioning the second tubular member inside the first tubular 

member in overiapping relation to the lipped portion of the first tubular 
30 member; and 

means for plastically deforming and radially expanding the second tubular 
member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 
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1 00. The apparatus of claim 99, further comprising: 

means for injecfing a hardenatHe fluidic sealing material in an annulus between 
the first tubular member and the wellbore. 

5 

101. Theapparatusof daim 100. further comprising: 
means for curing the fluidic sealing material. 

1 02. The apparatus of claim 99, further comprising: 

10 means for injecting a hardenable fluidic sealing material In an annulus between 

the second tubular niember and the wellbore. 



103. The apparatus of daim 102, further comprising: 
means for curing the fluidic sealing material. 

15 

104. An apparatus for plastically defomiing and radially expanding a tubular member, 
comprising: 

means for plastically defonnlrig and radially expanding a first end of the tubular 
member; and 

20 means for plastically defonning and radially expanding a second end of the 

tubular member. 



1 05. The apparatus of claim 1 04, further comprising: 

means for anchorir)g the tubular menrrt>er during the radial expanston. 

25 

106. An apparati^ for plastically defomting and radially expanding a tubular member, 
comprising: 

a tubular support member induding a first passage; 
an expansion cone coupled to the tubular support having a second passage 
30 fluididy coupled to the first passage and an outer conical surface; 

an annular expansion cone iauncher movably coupled to outer conical surface 

of the expansion cone; 
an expandable tubular member coupled to an end of the annular expansion 

cone launcher; 
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a shoe coupled to another end of the annular expansion cone launcher having a 

valveable fluid passe^e; and 
another annular expansion cone movably coupled to the tubular support 

member, 

5 wherein the annular expansion cones are positioned in opposite orientations. 

107. The apparatus of claim 106. wherein the annular expansion cone is adapted to 
plastically defonm and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically defonti and radially 

1 0 expand a second end of the expandable tubular member. 

108. The apparatus of claim 1 06, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold 
the expandable tubular. 

15 

109. A method of plasttcally defomiing and radially expanding a tubular member, 
comprteing: 

plastically deforming and radially expanding a first end of the tubular member, 
and 

20 plastically defonning and radially expanding a second end of the tubular 

member. 

110. The method of daim 1 09. further comprising: 
anchoring the tubular mennber during the radial expansion. 

25 

111. The method of claim 1 09, wherein the first end of the tubular member is 
plastically deformed and radially expanded before the second end. 

112. The method of daim 109, plastically deforming and radially expanding the 

30 second end of the tubular member comprises injecting a fluidic material into the tubular 
member. 

113. Amethodof coupling a first tubular member to a second tubular member, 
comprising: 
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positioning i\\e second tubular member inside the first tubular member in an 

overlapping relationship; 
plastically deforming and radially expanding the end of the second tubular 
member that overlaps wKh the first tubular nnemben 
5 plastically defonning and radially expanding the remaining portion of the second 

tubular member 

1 14. The method of claim 113, further comprising: 

plastically defomning and radially expanding at least a portion of the second 
10 tubular member. 

1 1 5. The method of claim 1 14. wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

15 1 1 6. An apparatus for coupling a first tubular nriember to a second tubular member, 
comprising: 

means for positioning the second tubular member inside the first tubular 

member in an overlapping relationship; 
means for plastically deforming and radially expanding the end of the second 
20 tubular member that overlaps with the first tubular member, 

means for plastically defomrring and radially expanding the remaining portion of 

the second tubular member. 

1 17. The apparatus of claim 116, further comprising: 
25 means for plastically defonming and radially expanding at least a portion of the 

second tubular member. 



1 18. The apparatus of daim 117, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

30 

1 19. An apparatus for forming a wellbore casing within a weilbore. comprising: 

means for supporting a tubular member within the weilbore; 
means for plastically deforming and radially expanding a first end of the tubular 
member; and 
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means for plasUcaliy deforming and radially expanding a seoond end of the 
tubular member. 

120. The apparatus ofdaim 119, further comprising: 
5 means for anchoring the tubular member during the radial expansion: 

The apparatus of daim 119, further comprising: 
means for injecting a hardenable fiuidic sealing material into an annulus 
between the tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore, comprising: 
a tubular support member including a first passage; 
an expansion cone coupled to the tubular support having a second passage 

fluidicly coupled to the first passage and an outer conical surface; 
an annular expansion cone launcher movably coupled to outer conical surface 

of the expansion cone; 
an expandable tubular member coupled to an end of the annular expansion 
cone launcher, 

a shoe coupled to another end of the annular expansion cone launcher having a 

valveable fluid passage; and 
another annular expansion cone movably coupled to the tubular support 
niemk>er, 

wherein the annular expansion cones are positioned in opposite orientations. 

25 123. The apparatus of claim 122, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically defonn and radially 
expand a second end of the expandable tubular member. 

30 1 24. The apparatus of daim 1 22, further comprising: 

an anchoring rhember coupled to the tubular support member adapted to hold 
the expandable tubular. 

125. A method of fomning a wellbore casing within a wellbore. comprising: 



121. 



10 

122. 



15 
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plastically deforming and radially expanding a first end of the tubular nnember; 
and . 

plastically defonning and radially expanding a second end of the tubular 
nnember. 

5 

1 26. The method of daim 125, further comprising: 
anchoring the tubular member during the radial expansion. 

127. The method of daim 125. wherein the first end of the tubular member is 
1 0 plastically def onmed and radially expanded before the second end. 

128. The method of daim 125, plastically defomiing and radially expanding the 
second end of the tubular member comprises iniecting a fluidic material into the tubular 
memt>er. 

15 

129. The nf>ettiod of daim 125. further comprising: 

injecting a hardenable fluidic sealing material Into an annulus between the 
tubular member and the wellbore. 

20 130. A method of fonning a wellbore casing within a wellbore. comprising: 

plastically defonning and radially expanding a first tubular member within the 
wellbore; 

positioning a second.tubular member inside the first tubular member in an 
overiapping relationship; 
25 plastically defonning and radially expanding the end of the second tutnilar 

member that overtaps with the first tubular member 
plasttcally deforming and radially expanding the remaining portion of the second 
tubular member. 

30 131, The method of daim 1 30, further comprising: 

plastically deforming and radially expanding at least a portion of the second 
tubular member. 
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132. The method of daim 131, wherein the inside diameters of the first and second 
tubular memt>ers are substantially equal after the radial expansions. 



5 133. The method of daim 130, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the first 
tubular member and the wellbore. 

1 34. The method of daim 1 30, further comprising: 

10 injecting a hardenable fluidic sealing material into an annulus between the 

second tubular member and the wellbore. 

135. An apparatus for fomning a wellbore casing within a wellbore, comprising: 

means for plastically deforming and radially expanding a first tubular member 
1 5 within the wellbore; 

means for positioning the second tubular member inside the first tubular 

member in an cveriapping relationship; 
means for plastically deformirig and radially expanding the end of the second 
tubular member that overtaps with the first tubular member, 
20 means for plastically defomriing and radially expanding the remaining portion of 

the second tubular member. 

1 36. The apparatus of claim 1 35, further comprising: 

means for plastically defomning and radially expanding at least a portion of the 
25 second tubular member. 

137. The apparatus of daim 136, wherein the Inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 
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1 38. The apparatus of daim 1 35. further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the first tubular member and the wellbore. 
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139. The apparatus of daim 135, further comprising: 

means for injecting a hardenable fluidic sealing material into dn annulus 
between the second tubular member and the wellt)ore. 

5 140. An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

means for supporting a tubular member in overtapping relation to the opposing 

ends of the wellbore casings; 
means for plastically defomning and radially expanding the tubular memben and 
10 means for plastically defbrmlrig and radially expanding the tubular member and 

the opposing ends of the wellbore casings. 

141 . A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

15 supporting a tubular member in overtapping relation to the opposing ends of the 

wellbore casings; 

plastically defomning and radially expanding the tubular member; and 
plastically deforming and radially expanding the tubular member and the 
opposing ends of the wellbore casings. 

20 

142. A method of forming a structure having desired strength characteristics, 
comprising: 

providing a first tubular memben and 

plastically defonming and radially expanding additional tubular members onto 
25 the interior surface of the first tubular member until the desired strength 

characteristics are achieved. 

143. A method of fonning a wellbore casing v^rfthln a wellbore having desired strength 
characteristics, comprising: 

30 plastically deforming and radiaHy expanding a first tubular member within the 

wellbore; and 

plastically defonming and radially expanding additional tubular members onto 
the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 
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144. A method of coupling a fir^t tubular member to a second tubular member, the first 
tubular member having an original outside diameter ODo and an original wall thickness 
to, comprising: 

5 plastically defonming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
plastically defonming and radially e)^nding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular member in 
1 0 overlapping relation to the first portion of the first tubular member, 

plastically deforming and radially expanding the second tubular member to a 

third outside diameter; and 
plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter; 
1 5 wherein the Inside diameters of the first and second tubular members after the 

plastic deformations and radial expansions are substantially equal; and 
wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 
greater than or equal to 1 6. 

A method of forming a mono-diameter wellbore casing, comprising: 
positioning a first tubular member within a wellbore, the first tubular member 
having an original outside diameter ODo and an original wall thickness 
to; 

plastically deforming and radially expanding a first portion of the first tubular 

member to a first outskle diameter; 
plastically defomning and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular member in 
overiapping relation to the first portion of the first tubular member; 
plastically deforming and radially expanding the second tubular member to a 

third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter, 



145. 
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wherein the inside diameters of the first and second tubular members after the 
plastic defonnations and radial expansions are substantially equal; and 
wherein the ratio of the original outside diameter OPb of the first tubular 

member to the original wall thickness to of the first tubular member is 
5 greater than or equal to 16. 

146. An apparatus, comprising: 

a plastically defonned and radially expanded tubula- member having a first 

portion having a first outside diameter and a remaining portion having a 
10 second outside diameten 

wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall thickness to of the first tubular member is 
greater than or equal to 1 6. 

15 147. An apparatus, comprising: 

a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portton having a 
secorKJ outside diameter; and 
a plastically deformed and radially expanded second tubular member coupled 
20 to the first portion of the first tubular member, 

wherein the ratio of the original outside diameter ODo of the first tubular 

member to the original wall tiiickness t© of the first tubular member is 
greater than or equal to 16. 

25 148. The apparatus of claim 147, wherein the inside diameters <rf the first and second 
tubular members are substantially equal. 



149. A wellbore casing formed in a wellbore, comprising: 

a plastically defonned and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a 
second outside diameter, and 
a plastically defonned and radially expanded second tubular member coupled 
to the first portion of the first tubular member, 
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wherein the ratio of the original outside dlanneter ODo of the first tubular 

memt)er to the original wall thidcness to of the first tubular member is 
greater than or equal to 16. 

5 150. The casing of claim 149, wherein the inside diameters of the first and second 
tubular members are substantially equal. 

151. An apparatus, comprtetng: 

a plastically deformed arid radially expanded tubular memben 
1 0 wherein the ratio of the original outside diameter ODo of the tubular member to 

the original wall thidcness tb of the tut>ular member is greater than or 
equal to 16, 
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